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INTRODUCTION

All our hopes and plans for maintaining oY improving the quality of
the environment depend on an understanding.of the natural §yétems wiéh
which human societies interact and the way in which these systems are'
chapging ove;(time, whether in response to natural factors or human per-
turbation. Monitering sysﬁems that can quickly and accurately measure
changes in the environment over varying periods of time are fundamental~
to this understandinp. If we do not know the direction and megéitude of

env1ronmental changes, we cannot rationally decide whether corrective ef-

forts are either necessary or effective. 'The vital importance of monitor-

ing was recognized by the’lQYz Stockholm Conference on the Human Environ-
ment and the 1974 Intergovernmental Meeting on Mohitoring. Practical
realization of 1fs 1mportanLe followed with the establishment of the Global
an1ronmental Wonltorlng System (GEMS) within the United Nations Environ-
ment Programme (UNEP). The Rockefeller Foundation's active interest in in-:
ternational envi;Bnmental monitoriné has been made evident by its support

of the Monitoring and Assessment Research Center (MARC) at Chelsea College,

ATV

"l

London; and of a research program at the Massachusetts.lnstitute of Technology.

The brief experience to date with international monitoring has been

enough to demonstrate that it is subject to a great many problems, whose solu-~

tion requires the substantial commitment of both private and«ﬁubliC\fundé,

and the close coordination of efforts among governments, agencies, and gnsti-

tutions. The meeting, reported in this publication, was intended to promote

a widey*and fuller understanding of current monitoring activities and future
proepects.' Organized and sponsored by‘The Rockefeller Féhndation, in close
coenection with UNEP, the conference was held from February 16-18, 1977, at
the Villa Serbellonl Study and Conference Center in Bellaglo, Italy
The meetlng had three main ObJeCtheS
a) to review accomplishments in global and regional
enx1ronmental monitoring since the 19(2 United Natiohs

Lgnference on the Human an1ronment

b) to reevaluate international monltcrlng needs, and

v e !
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.

¢) ‘to provide guidance to The Rockefeller Foundation
~1in supporting intermptional environmental monitor-
1né efforts in the future. ; - A
The 25 participating éxperts came from international oréénizations,
national governments and research institutions.. They participated as in-
dividual§ and the opinions thgy‘expressed were not necéssarily.offjcially
sanctioned. Furthermore, this report of their discussions has been com-
piled by the rapporteur and, the chairmaﬁé therefore, the report should not‘
be interpreted as representing the opinépns of %ndiVidual participants, of =
the organizations for which they work, or of.thé:groﬁp as a whole. The .
Rockefeller Foundation is making the repgrf widely aVailablé in the hope
.that it will prove useful to the scientists, governments, interﬁatiqnal'

.

organizations and private groups that have taken an active “intetest in

»

builping internjﬁionallenvironmental monitoring programs over the past .few

year&;. /

ct
* Ralph W. Richardson, Jr.

ro
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- CONFERENCE REPORT : . ' '
v .
i Martin Holgate and Daniel Serwer

P '

Global Environmental Monitoring: The Present View

The Global Environmental Monitoring System

GEMS, the Global Environmental Monitoring Syétem, is the monitoring
> _ N
componentwof Barthwatch, a UNEP’coordinated environmental assessment pro-
gram that also includes research, scientific evaluation and review, and igf
formation exchange. :Thus, in the context OR\UNEP, environmental moqitoriﬁg
is c}osely related to chey aspects of an overall environmental assessment
system that provides data for environmental management. A decision to_mbh—
itor a particular environmental condition is'usually based on a scientific
assessment of research results; and the monitoring, in turn, will suggest
new areas for research and asse:;sment..l Monitoring information i1s most use-
ful when widely exchanged through mechanisms such as the International Re-
ferral Service (IRS) and the International Register of Potentially Toxic
Chemicals (IRPTC).
The -197Thk Intergovernmental Meeting on Monitoring recommended the trollow-
f//ing roals for a Global Environmental Monitoring System:
’ 1)  an expanded human-health monitoriﬁa system;
2) an assessment o' mlobal atpospheric pollution
and its impact on-climate
‘ 3) an assessment of the exten®s and distribution of
qontaminants in biological systems, particular]y
ffood chains;

4)  an assessment of critical environmental problems

-

re}wt;nﬁ to aericulture and to land and water wsey
) an noeosament o the response of terrestrial eco-
i systems to pressures exerted on the environment,
6) an assecsment of the state of ocean pollution and
its impact on marine ecogystems; and
)  an improved international system tor understanding
and monitoring the lactors leadineg to disasters, and

an efficient forecasting and warning system.

O
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These goals, which are in no priority order, have guided the devel-
opment and implementation of the UNEP coordinated GEMS program, which at
present operates glmost entirely through the UN specialized agencies. Be--
fore thé formulation of these goals, international monitoring was both un-
coégﬁinated’and extremely limited in extent. ‘

At the Bellagio meeting, however, most of therdiéEussions focussed on
GEMS' activities in two major bategories:' (1) the monitoring of pollutants,
and (2) the monitoring of ecological'systems and natural resodurces. The
term "resources" at the Bellagio meeting came to mean exclusively those re-
soyrces that are ip prlnciple renewable, such as fertile soil, forests, '
grasslands, wildlife, and water. JNonrenewable resources, such as coal and
Other minerals, were not included; nhor did the Bellagio discussions include

the monitoring of natural disasters.

Envifonmental Monitoring and Environmental Policy .

Fnvironmental monitoring is not an end in itself, but an essential
step in the Pprocesses of environmental assessment and environmental man-
agement. Figure 1 describes vhe ideal reletionship between the scien?ific
functions Of research, monitoring and risk assessment on the one hand and
the socioceconomic mechanisms of environméntal management on the other. Of
course, fe¥ environmental problems will follow precisely the path indicated
in Figure 1, and in actual practice available research and monitoring results
are seldom as unambijuous or as adequate as one would like them to be as
sypport for decisions. Nevertheless, it is essential to emphasize that
monitoring data are intended for usé in policymaking, and that governments
support environmental monitoring because they =xpect it to provide useful
informvat ion.

The importapce of environmental monitoring for policymakers was a
major theme of the case studies paepared for the Bellagio meeting, and are
presented in this report. 'These case studiés describe national experiences
with. issues that have not yet been fully confronted at &: . international
level. As these gtudies show, the contributions of monitoring results to

national policies varied widely. The monitoring of environmental lead
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levels .in Finland for example has failed to stimulate action to protect
worker health, despite the elear and close connection that has'been demon-
strated between occupatioqal exposu;e to lead and lead concentration in
the blood. The monitoring’of mercur) in Sweden, however, has caused the
government to make a small but critical change in seed-dressing formula-

. tions. Between these extremes, the Amboseli wildlife ménitoring effort
has been accepted as a stqndard for prOJect evaluation by the World Bank.
Internatlonal env1ronmental monltorlng is generally even less,readlly ac-
cepted as a basis for policy than national efforts of the sort described
in the case stldies. Therefore, it was generally agreed at the Bellagio

conference that special attention in formulating international prbgrams

-should be paid to the special needs and concerns of policymakers.

Paying for Environmental Monitoring

On the international level, the financial resources available for the
development and coordination of environmental monitoring are exfremely
limjted. The UNFP Fund presently commits close‘zo $2 million annually to
stimulating global and regional monitoring activities, providing between
50 and 80 percent of the budgets of the efforts supported. The remainder
is provided by the cooperating agencies, which include the World Health
Organization (WHN), the Food and Agriculture Organization (FAQ), the World
Meteorological Organization (WMO), and UNESCO, as well as a variety of
regional organizations. l

The UNEP Fund contribution to monitoring has prown to its present size
from less than $0.5 million in 1974, but it is unllkely to exceed a peak
of around $5 million within the next few years. These UNEP funds are used
primarily for international coordinating activities. The bulk of the actual
monitoring is paid tor by rcovernments, whose support to national monitoring
activities is at least ten times as sreat as the international funding. In
addition, some important international monitoring efforts receive no UNEP
assistance: weather monitorings, the monitoring of endangered: species, and
certain types ot ocean monitoring, for example, are well-established activi-

ties on the international level that are carried on without UNEP support.

o
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_posing serious risks in limited geographical areas, or "hot spots.'

~

Deciding What to Monitor

The reality of lf&ited funds means that the ‘international communi}y must
give careful attention ﬁo priorities for environmental monitoring. GEMS has
generally giyen priority to global énd regional problems that appear td'pre—
sent serious harm to man pr to essential components of his environment. Many
of theée pfoblgT§ are dﬁe to pdllution: Developed countries have been espe-
cially interesteg?in large-scale pollution problem; such as carbon dioxidé
levels in the atﬁosphere and oil pollytion in the oceans a@? less interested
in apparently more localized problems involving various ecological systems
and their management. These ecological éhd natural resource problems, how-
ever,are of critical importance to developing countries, which have under-
sﬁandably been anxious for GEMS to deal with such issues, especially when
they have regional significance. The GEMS efforts to conduct a world assess-
ment of actual and potential soil degradation -and to conddct pilot monitor-
ing activities involving the tropiéal forest cover and tropical rangelahds
in West Africa, respond to this strong interest of the developing countries.

There are good reasons to pay increased éttention to ecological and
resource monitoring. For one, the real difference in scale between global
pollution and local resource probiems has probably been exaggerated. Even
global pollutants such as DDT are often manifested as regional problems,

' Con-
versely, the wider impact of seemingly local ecological and resource prqb-
lems has been made clear by events such as the Sahelian drought and the
desertification process. In addition, there is a high level of internation-
al interest in commonly occurring local or national problems. The destruc-
tibn of forest cover, or wildlife depletion, for example, can become an im-
portant focus for international monitoring programs.

Ecological and resource monitoring projects are being developed by GEMS
from pilot and demonstration efforts. In many cases, a sharp distinction be-
tween monitoring and research activities cannot be easily made. Monitoring
programs may begin as_research projects, or as inventories and surveys, and
only later be extended to repetitive measurements designed to determine tem-

poral trends. It takes a great deal of effort to determine the present ex-

6
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tent and state of resources, their natural and man-induced vatriations over
time, and their potential for ﬁuman use, beforg it becomes pbssible to reach
useful gonclusions abopt/tne danger of resource degradation and‘tﬁé need for
continuing monitoring.

. In establishing priorities for mod%foring pollhtants, the criteria are
réasonéply well—egtablished. These criteria include the following{4 sub--
stances with potgntiéﬂly dangerous'chemiqal and-physical propérties, such
as persistence in-§he environment  and accﬁmulation in* living organisms;
substanceé knéwn to have caused harm in specific instances; substances used
in ways that make high human or ecosystem exposures likelzj and éubstanteé
known- to be aéutely toxic, carcinogenic, mutagenic, or otherwise harmful.

For ecological and resource monitoring, the criteria for establishing prior-
ities might inclpdé the following: the physical guantity and ecgnomic'value
of the resource; the producfive potential of the résource under ideal man-
agément conditions; the kaown rates of change and'degradation of the résource;
and the émenabiLity of' the resource to corrective management measures. It
should be noted that iﬁ many developed countries renewable resources like

soil and érops are already monitored because of- their economiciimportance.

The primary present need %or iﬁternational action is in moditoring in devel-~
oping.areas where the economic value of the resource is not as great, has

not been recognized, or has not yet elicited effective action.

The functiqn of resource monitoring is not only to prevent degradation
of the resource, bﬁt also to encourage its optimal development. Here there
are clear parallels with pollution monitoring: complete elimination of pol-
lution discharses is rarely required to reduce health and envifonmental risks
to acceptable levels. The proper function of pollution control is pollution

‘minimization rather than elimination. Gimilarly, natural resources can be
used without over-exploitation. Monitoring should provide much of the infor-
mation needed to optimize the level, technical means, and frequency of this fuse.

Eol :

Quality of Measurement and Sampling

It is sometimes diffitult to persuade policymakers, on both the national

and international levels, that it is critically important to control the
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quality of measurement and sampliné'methods'in monitoring programs. As

a result, some early international monitoring efforts have.paid insuffi—
cient ﬁttention to two key éspects'of quality control: the intercalibra;/
tidn of measuring systems among different countries, and the careful choice
of monitoring sites. Co ~ I

The importance of intercalibration derives primarily from the use oft
a variety of measurement methods in internatlonal monitoring programs.

This variety has permitted part1c$patlon by laboratorles with dlfferent
equipment and varying levels of tachnical sophlstlcatlon, and promoted the
adeptidn of new techniques as they become available. Intercalibration by
the exchange of sampies among laboratories and by permitting some redun-
dancy in monitoring xgtworks is therefore important in ensuring the most
accurate results

Intercallbratien, however, will prove fruitless unless sites are chosen
‘well. Too many monitoring efforts suffer from major statistical weaknesses
because the intersite comparisons are difficult to make and the sites cannot
be fitted into a comprehensible;pattern off variation. TFor example, many
atmosnheric monitoring stations allegedly sample urban air, but the full-
range of variation in urban air pellution is not known. Comparisons between
cities may therefore be highly ungertainf'and comparisons between urban
sites and rural sites may be even‘more difficult. '

The choice of monitoring sites, including the choice of media or organ-
isms in which poLlutants‘are measured, should be subject to strict: interna-
tionally approved criteria, even thouéh operational control is at the national
level. Fxperts imgnational monitoring efforts should be satisfied with the
criteria, and with the sy~tem desirn as a whole, before international pro-
grams are launched. Without a thorough and continuing quality control ef-
fort, the interpretution of data gathered in different countries, even with
the same measurement techuiques, will be at best ambifuous. Therefore, al-
though there is clearly a role for nongoverumental institutions such as
MARC in research and in the development of mnnitoring'systems, the monitoring
programs themselves should be operated by governments and coordinated

through appropriate intergovernmental apgenciles.
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Special -problems arise when pollutants are monitored in "indicator! .

!

organisms that serve as convgnient surrogates for the human and other
organisms that we afe seeking to protectfaas when mussels are used to mon-
itor pollutant ievels, or when pike are used to monifbr mercury levels. Be-
cause of the wide inherent variability in any species and the-different en-
vironments in_which various populatioﬁs of any species live, great care must
be taken to ensure that intersite comparisops are valid. It is also critical
to choose species that are sensitive indicators at the actual levels of hu~-
man or ecosyétem'exposure: only if the levels in an indicator organism are
correlated with levels 1in o?ganisms that we seek to protect can the monitor-
ing data be effective in designing practical control measures. The alter-
native - measuring human or ecosystem exposures difectl&, rather than
thréugh the use of indicators - should alwayS'be considered. Whichever op-
tion is chosen, one important way to check the data is to preserve monitor-
ing samples so that they can later be feanalyzed in the light of new discdv—
eries or with the use of improved techniques.

In principle, it would be desirable to achieve economies in monitoring
effbrts by using simgle sites for more than one international program. Tvus,
for example, air and water monitoring in the oceans might use the same ships.
The Biosphere Reseres -~ extensive ecosystems still in a natural state - des-

ignated for complete preservation as part of a UNESCO program might also be

"used for monitoring background levels of air pollution. Tn actual practice,

however, such multiple use of monitoring sites may be difficult because of
J

the different criteria imposed by various programs. Nevertheless, the in-
creasing scope and expense of international menitoring programs will surely
increase the pressure for multiple use.

Some of the barriers to multiple use of sites are institutional gather
than scientific, and these barriers make it difficult to coordinate monitor-
ing efforts. International monitoring programs serve various scientific
constitgencies: urban air pollution monitoring, for example, serves a dif-

\ 5
ferent scientific community from monitoring of oil in the oceans. This

diversity of communities can mean potentially serious coordination difficul-

ties at both national and international levels.

1)
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v Use of MonltoringAData ' : .

The use of data from 1nternat10na1 monltorlng programs can aiso present
major difficulties. Although, in- fact, action is often tmuken before systemat-
ic and evaluated monitoring data are available, ideall& there should be a
clearly understood and statistically vaiid assessment of the data, thedr 4
_ﬁrends, and their implied risks before maJor ‘managemént costs are incurred
in taklng correctlve action. GEMS, 11ke many natloral monitoring programs,
has not yet established mechanisms for the authorltatlve, s01ent1flc assess-—’
ment .of monitoring data. .

' Withgut reaching any firm consensus, the Bellagio‘participants‘discussed
whether the overall assessment responsibility should be undertaken by GEMS
itself, by UNEP, by other Uniteg Nations aggncies, or by ad hoc scientific
commissions. 1In any event, some such assesement mechanisms, tailored to
meet the needs d? different activities, will be needed in the near future,
‘as the fir;t data from internationad, monitoring programs become available.

A ’The'present lack of scientific assessment\accodﬁts for the absence of
conflict so far over international monitoring programs. With only a few
excebtions, povernmelﬁ’ Mmve not yet treated 1nternat1'onal monitoring pro-
grams as politically sensitive., In the future, however, confllcts may arise

, over the liability for damage caused to neighboring countries by trans-
frontier pollution or by use of natural resources. Similarly; conflicts
may arise in the oceans, particularly with the increasing national control
over broad offshore zones.: There is no doubt of the need for more effective/
monitoring of ocean resources and the conditions that imperil them, of river

‘sysmem%, and of the mobility of air masses. Governments, howeveri may be
reluctant to chenge the results of studles that prov1de evidence bearivg
on questions of liability. Oclentific assessments of monitoring data, and
the impTications of these ass essments for corrective action with national
economic and political consequenees, will make monltorlng a much more con-
troversial activity' ’ ’

The design of international institutions to carry out scientific assess-
ments poses serious ptoblem;. On the one hand, the need for. sc1ent1f1c ob-

jectivity would appear to favor cgrsultation of outstanding specialists ir-
BN
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réspective of nationali£y; thus, nongovernmental mechanisms, ei%her'géihgg

or continuing, might be more appropri%té. On the‘other hand, nongovernmental
agencies might have difficulty obtaining  -the necessary data q@d other re;
sources required. Furthermore, the assessments of such agencies might not .
be accepted as apﬁhoritative by governments exclﬁﬁed from the assessment pro—
cess. Several hybrid mechanisms a;e possible, i&?luding the selection of suit-
able individuals by internatiopai agencies from rosters of povernment-approved

experts (a procedure used by WHO); and the use of rovernment-nominated experts

‘who ,serve in their individual capacities (a procedure already in use by GEMS

R 1

for SOFe purposes, but not yet tor assessments).

Whatever the final institutional solution, the need §or scientific as-
sessments of internationﬁl environmental monitoring data will become critical.
TwoAquestions should be asked in the assessment effort:"a) what trends do the
moﬁitmring results reveal? b)) whau Are the risks of harm to human health,

?

ecolonical wsystemns, or other resources fnswers to these questions will
poinﬁ to rational decisions about future monitoring priorities. Tt would be
senseless to continue Lo monitor pollutants that have been found not to pose
serious risks to human health, ecological systems, or other resources.

-

Global “nvironmental Monitoring: Future Heeds -and Opportunities

> ) .

New I'rojects .

" _Many needs and opportunities for expansion of international monitoring
prosrams invo.ve ecolosical and resource monitoring. Pollution monitoring
is more firmly ~ustabliched, but 4 limited number of efforts to supplemenf ex—
istinge prosrams misht bte wirranted.

Amons current, peliation problems, threats to the ozone layer f{rom man-
made CthfOflwwfﬁcwibunJ and nitrocer o<ides are of particular concern be-
cause ot the gérciﬁoveniw potential ot certain frequencies of ultraviolet
(UV) Llight, from which man is larcely protected by the stratospheric ozone.

Total ozone is presently monitored, but the vertical and horizontal distri-

butions of ozone aid their fluctuations-are not well known.¥ Moreover, UV

*¥The launching ot the NIMBUS-G satellite {n the fall of 1978 will’provide such
measurements on a systematic basis ror the first time.
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radiation is not presently monitored. Consideration should‘?e given to the
direct measurement of the ultraviolet radiation of wavelength 290-320 nano-
meters (usually called UV-B) that causes skin irritation (érythemg). Such
measurements could provide a check on the inferences drawn from other less
di{ect research. Daily observations of UV-B measurements at noon should

suffice to establish a time series. Suitable instrumentation for such moni-
] H

‘toring is presently being investigated by WMO.

Also among the hggh—priority pollution monitoring efforts that might be
undertaken are the monitoring of benzo(a)pyrene and other carcinogens in urban
air, of halocarbons and radiocactive nuclides in the open oceans, and of krypton
85 in the.atmosphere, of pollution exchanges at the ocean-atmosphere intérface,
apd of river pollution discharges into the oceans. Some of these efforts are
4iready underway within individual countries, and as research or pilot moni-
toring projects on the international level. é ’

In resource monitoring, there is broad scope for innovation. Several im-
portant research and pilot efforts are concentrated in ecologically fragile
tropical areas, where monitOrigg of tropical soil, forest, and rangeland are
prid?&ties. The moﬁit@fing of livestock and yildlife numbers, using relatively
simplé and inexpensive techniques, is about to begin'og a pilot basis at the
inﬁernational level. We should also monitor northern marginal éreas, including
boreal forest‘cove}, arctic tundra, and glacial-margin biomes. These eco~ -
systems are especially vu}nerable to climatic disturbance and to direct human

interference. The individual countries concerned are already doing -some mon-
]

itoring, but these efforts have not used common methodologies or classifications

‘and the data generdated are neither comparable nor readily retrievable on an

\

international basis.

In addition to these tropical and arctic monitoring efforts, other pos-
sibilities for resource monitoring deserve consideration. Fire, especially
in tropi.-..! regions, is a major element in ecosystem disturbance, as is the
continuing expansion of inhabited 1an@, 6r land occupied by major manmade
projects like settlements, roads, and reservoirs. These major environmental
perturbations might be ﬁonitored internationally in the future, perhaps with
the assistance of satellite surveillance. Food production and drought,
though monitoreQ’carefully in éeveloped counf?ies,whave still not received

the attention they deserve in mgny developing countries.

©
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. Toward More Effective Organization and Participation

There are two further components of Ehe’operation of 'monitoring programs

that merit attention:

b

N 1) the proglems of coordination within and among goverpyments e
and international agencies; and ’
' 2) the need for increasing partlclpﬁglon by developing countries,
espec1ally through tralnlng programs.

Different international monitoring programs serve various scientific
constituenci® impact air pollution monitoring serves quite a different
scientific community‘from monitoring of oil in qceans The difersity of
communities involved can lead to potentially segious coordination d1ff1cul~

‘< ties at both the national and international 1evelS Many governments do not;
have the capacity to participate in the variety of internatipnal environmental
programs, includins monitoring programs, that are recommended to them; inter-
national organizations, such as GEMS, cannot éespond to all the demands

' coming from governments to institute new programs. GEMS at present has no
continuing advisory meqhanism, other than the UNEP Governipg Council, for
establishing priorities among its program actiVities, and governments have
been reluctant to establish additional international mechanisms. Similarly,
national governments more often than not lack effective means to debide on
monitoring priorities. As the available financial resources approach their
upper ifmit, there will clearly be a need for both national and international
mechanisms for resolving interprogsram conflicts and establishing priorities.

One monitdring-related program activity that has received insufficient
attention is training. Many international pfograms are seriously compro-
mised by the lack of monitoring sites in developing countries. Special’
efforts should be made to fill these raps both by training needed personnel
and by developing measurement techniques appropriate to developing countries.
MARC could well Q&ay,an oxpandedArole in such training programs, using as a
basis its current efforts to‘develop appropriate curricula. . Also important
are the bilateral arranggments that the United States has established for
the use of satellite data By\gevelopinﬂ countries. GEMS should continue
to assist developing countries to identify appropriate training programs in
environmental mdhitorina, in choosing measuring techniques, and in ensuring

comparability with measusements belng made elsewhere.
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* Summary Remarks , i

L} sy
International_environmental monitoring efforts are now beginning to pro-

ddce some of the results™hat were expected of them when they attracted wide-
spread support in the early 1970's. Especially in the area of global pollu~-
tion problems, we are at the point of needidg to advance monitoring programs
to the stage of scientific assessment, a erucial step in making the most of
the coqsiderable investment already coymitted. In natural resource and eco-
logical monitoring, the need is. for more inventories and pilot monitoring
projects that might be expandea in the futu}e. These, however, require cbn—
siderable financial resources. Y "

As.international funding levels off, we will have to make a variety of
changes in the operation of monitoring programs and in the procedures. used
to decide on priorities. One key requiremen% will be for a mechanism -
‘probably a small and prestigious group of government-nominated experts - to
decide on overall international énvironmenfal monitoring priorities. Another
requ1rement will be for cont1nu1ng quality control efforts linked; closely
with reseak\? and development on new‘monltorlng methodologies by sucﬁ,lnstl—
tutlons as MARC.

No strict gu1de11nes can be offered on the roles of private and publig
funding. The ad hoc arrangements for coordination used in the past have

n?t always been ideal, but the experience gained over the past few years in

cooperative and complementary efforts will provide a better basis for future

‘work. Ultimately the bulk of the funding for monltorlng comes not from pri-

3
- vate bodies or international agenCJes but from the natlonal governments

which are responsible for carrying out the measurement activities.

The role of nongovernmental and.intergovernmental institutions is largely
catalytic, and successful catalysis depends on designing scientifically sound
programs that meet the perceived needs of governments and on communicating
the scientific result; of monitoring to governménts for action. GEMS is cen-
tral to this communication between the various scientific communities and

governments. UNEP funds should not be used,to provide continuing support for

“existing monitoring networks, but rapher'to mount new activities and to stim-

ulate appropr}ate go?ernmental responses to monlitoring results.

~
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THE GLOBAL ENVIRONMENTAL MONITORING SYSTEM \{" , v
B. Martin and F. Sella
< A description of the development and implementation of -

- GEMS, the Global Environmental Monitoring System, from
1970 to the present.

The Development of the Gems Concept

Since 1970 the idea of a'gloﬁal environmental monitoring system héd

been the subject of much discussion, especially in%

nongovernmental circles
in developed countries. Initially, the discussion focussed largely on the
problem of monitoring pdllutants; although ecological and natural resource
problems were recognized, monitoring of natural'resources_was considered to
be of secondary importance or, on technical grounds, premature.

The Massachusetts: Instltute of Technology sponsored two reports on
enV1ronmental problems ~ the SCEP report "Man's Impact on the Global Env1-
ronment" in 1970 and the SMIC report "Inadvertent Climate Modification" in
1971. Also‘iﬁ 1971, at the request of the Preparatory Committee for the
" United Nations Conference on the Human Enwironment (hereafterﬁcalled the
Stockholm Conference), the Scientific Committee on Problems of the Environ-

ment (SCOPE) of the International Council of Scientific Unions (ICSU}
* produced a report entitled "Global Environmental Monitoring." All these
reports were the work of scientists from develpped countries, and emphasized
developed-country problems. )

As part of the preparations for the Stockholm Conference, an inter-
governmental working group on monitoring (IWGM) was convened in late 1971
to define the obJectives of monitoring, assess how these mlght be imple-~
mented and assign priorities for their implementation.  The 1971 IWGM
‘recognized severai important principles, later endorsed by the 19+h Inter-
governmental Meeting on Monitoring (IMM), regarding the implementation of
internationally conducted global monitoring. Thesezwére: t>12<; ‘ ‘




(a) Intergovernmental cooperation in monitoring should build on the
basis of existing national and international systems "to the maximum extent
ﬁssible" s

~(b) United Nations specialized agenc1es should be used "to the maximum
extent possible as “the institutional base for coordinating and implementing
monitpring-progranﬁg%

(c) Priority should be given to the development of global and regional
(multinational) monitoring; - .

(d) Monltorlng systems should be designed to meet clearly—defined
obJectives%;Q d arrangements for the evaluation of the data must be an in-
tegral part of the design of the systems.

The IWGM prov1ded & working definition of monitoring as "a system of
. continued observation measurement and evaluation for defined purposes.'

Thls defln}tlon drew no dlsglnctlon between regulatory monitoring and

descrlptive monitoring, nor did it make clear what was meant by evaluation."
International monltorlng had alwaysdbeen discussed in terms of descriptive.

monitoring, and this understanding has been malntalned. The meaqing of
"evaluation" as used in the IWGM definition, and in principle (d) above,

was clouded to some degree after the term was used for one of the four

separate fﬁnctional.cpmponents of Earthwatch (environmental assessment) as o

defined at Stockholm. However, in the context of Earthwatch the term is -

E
NI
L

now taked’to refer to a two-stage process - (1) validation of environmentaL_
data, i.e. a form of quality control, and (2) interpretation of the data in
order to recognize significant trends in individual environmental vari-
Eblee, as an input te environmental management.

The IWGM reportldid not consider the problem of an institutional
structure for global monitoring. E&idently the: time was Judged premature
for such discussions, although one government felt it was the most important
issue and should be discussed. Eventually the IWGM noted in its report
that "It is essential to improve coordination meehanisms within the United
Nations framework,” and recommended a study to explore how coordination
could best be achieved.

. While the Stockholm Conference did not exaﬁine the IWGM report in any

detail, it did adopt many recommendations related to specific monitoring



activities, reflecting the fact that, with‘a few major. exceptions (e.g. the
World Weather Watch), no international monitoring activities were in opera~
tion at that time. However, the conference d4id not consider the problem of
coordjnating monitoring activities at the global and regiongl levels.
Indeed, most of the recommendations were directed at individual agencies,
without reference to any coordinating machinery.

Initial efforts to address the problem of coordination were made by an
Inter~Agency working Group on Monitoring, established by the Environment
Coordination Bdard«in 1973. Its report described for the Pirst time the .
monitoring activities already undertaken and those being planned by the
United Nations agencies. In addition, the Working Group commissioned SCOPE-
to plan a first phase of GEMS. The result, the most thorough analysis to
daté; examined the priorities for ménjtoring and the bases for selecting
certain environmental variables as indicators of possible trends in the
environment. Underlying these two reports was the aSéumption that, while
global pollutlon monitoring could be launched or expanded immediately,
monltoring of natural resources must be postponed until much more prepara-
tory work had heen accomplished. .

During the same period, discussions also went on within governments on
how best to org;nize international monito}ing. In the United States, this
led to a series of documents - the first issued in 1973, the latest in
1976l - which, apart from their considerable intrinsic interest, are il-
lﬁstrative of the evolution of thinking about international monitoring in
one developed country. From rather large-scale initial blueprints, tﬁe
proposals have now evolved to mdre“manageable propértions, fairly consistent
with the activities undertaken ‘or planed under GEMS.

In 1974, the Executive Director of UNEP convened an Intergovernmental
Meeting on Monitoring in Nairobi. This harked the emergencé of the GEMS
concept in a more realistic form. The IMM () recommended that the Execu-

tive Director be authorized to -establish at UNEP headquarters a Director for

l"Early Action on the Global Environmental Monitoring System," National
Academy of Scientes, Washington, D.C., 1976.
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GEMS with supporting staff; (b) laid down seven program goals for GEMS; (c)
listed the priority pollutants to be considered by GEMS; (d) recognized the
needfto monitor other, nonpollutant, environmental variables; (e) endorsed
the set of objectives and prinéiples laid down by the 1971 TWGM. “

The Director for GEMS was appointed at the end of 19T4 and the GEMS
program activit& center (PAC) was formally established in 1975 as a section
of UNEP responsible for the coordination of all mohitoring activities within
the United Nations and for giving advice to the Environment Fund on the
financial support it should provide in accordance with the views and -
decisions of the Governing Council.

From its inception, GEMS was conceived as a coordinated effort on the
part of bember states, United Nations agencies and UNEP to gather daﬁa es—
sential for effective environmental management.

Member states, beside being the actual ope%ators of monitoring system
components, provide policy direction for GEMS activities through the
Governing Council. At its third session the Governing‘Council requested
the Executive Director to convene small groups of governmental experts to
help in the design and implementation of GEMS.

At the interagency level, coordination is achieved through the Environ-
ment Co;rdination Board. At the fifth session of the Board, it was agreed
that the role of the GEMS PAC does not extend to internal coordination of '
individual monitoring activities, which is the responsibility of the agency
under whose auspices thé activity in question is being implemented. The es-
sential role of the GEMS PAC is to ‘ensure coordination among individual
monitoring activities.” Thus the Board emphasized that the role of the GEMS
PAC, while very broad, was nevertheless nonoperational.

»

The Implementation of the Goals .
As mentioned above, the 1974 IMM laid down seven goals that GEMS should

strive to meet in order to fulfill its function. They are, not in order of
priority: .
A. Expanded warning system of threats to human health;

B. Assessment of global atmospheric pollution and its impact on
climate;

19



b |

C. Assessment of extent and distribution of contaminants in biological
systems, particularly food chains;

D. Asseassment of critical problems arising from agricuitural and land
use practices;

E. Assessment of the response of terrestrial ecosystems to environ-
mental stress; )

F. Assessment of the state of ocean pollution and its impact on marine
ecosystems; _ .

G. An improved system of international disaster warning.

It is helpful in understanding how the seven goals'relate to one an-
other to note that: ¥

(a) Goals E and F are of very general and wide application and between
them largely subsume the reméining goals. For example, evidence of "envi-
ronmental stress" on terrestrial ecosystems (goal E) can be seen in the
impact of pollutants on climate (goal B), in contaminants in biological
systems (goal C), in man's.misuse of his natural resources (goal D), in
envirénmentally induced disease (goal A), and in some of the factors c6n1
tributing toward natural disasters on land. (goal G);

(B) The goals can be grouped into two broad categories: those relat-
ing t pollﬁtibn monitoring (A, B, C and part of F); and those relating to
ecological monitoring, i.e. mdnitoring the stocks and conditions of various
natural resources (E, D and part of F). Depending upon the type of natural
disaster, goal G could fall into either category, orvneithgf;”“' T

It is evident that the two different categories of goals require dif-
ferent monitoring approaches and that two different types of data will be
produced, althougﬂ in some limited areas overlap can be envisagea.

In the category of pollution monitoring it is possible to design
monitoring activities so that analysis of each individual result can be
integrated with that of related results, thereby obtaining maximum use from
the data. The ultimate aims of global and regional pollution monitoring

are:

(a) The determination of the levels of selected critical pollutants in
particular media, their distribution in space and their trends in time;

(b) An understanding of the magnitude and rates of the mass flow of
selected pollutants, and their harmful transformation products;

20




¢ .

(c) The provision of an opportunity for countries, including developing
countries, to compare methods of sampling and analysis in order to obtain’
comparable results, and to exchange experiencé on‘monitoring éystems; '

(d) The provision, on a global or regional scale, of information es- .
sential for,management decisions on pollution control.

It is more difficult to determine how to‘integrate the result of eco-
1ogicé1 monitoring, because of its immediate reflection on environmeﬁtal
management optiong which relate in a complex manner to population, resources
and deﬁelopment. GEMS has approachéd eEological monitoring through the
initiation of pilot studies to devélop methodologies and make large-area,
small-scale surveys 6f natu}al resources (soil, forest,‘rangeiand). These
surveys will serve to define critical areas of degradétion, which may then
be studied by more intensive monitoring to yield data upon which gov;>Hm§hts
may wish to base corrective action.

The extent of implementation of GEMS is best gauged by looking at those
international monitoring activities already undertéken or planned that are
listed and outlined in the following paper; "A Surfey of International
Monitoring Activities." The list is not confined to.activities carried out
within the United Nations system, much less to fhose in which UNEP co-
operates directly with other parties; it includes a few activities carried -
out by organizations outside the system, since theée £ill important gaps
that would otherwise need to be the concern of the United Nations syétem.
Th? activities have been grouped according to a simple clgssification, ap~-
parent from the table of contents, which is related to the program goals.

An examination of the list will show that .(a) most of the international
monitoring activities are the responsibility of United Nations agencies,
with the major exception of certain regional activities undertaken by ECE
and OECD, and particularly ICES; (b) among the activities for which United
Nations agencies, dre responsible, virtually all of those related to pollu~
tion and écological monitoring are being carried out or planned with the
cooperation of UNEP. ‘

Tt is difficult to go beyond the details given in the following paper

concerning the overall pians for the implementation of GEMS, since the
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#Various components are in different stages of devélopment. Indeed, some are -
only.partly environmental’yﬁnitOring'in the GEMS sense. Thus the World
Weather Whtch,.which has been fuiiy operational for a number of years, is ’
only partly relevant to GEMS, since some of its components, while providing
essential services to,thé world communi;y; are generaily not required for
the identification of trends in the. environment. On the other hand, the
activities related to ecological monitoring are, at this stage, largelyaof
a premonitoring nature, limited to ldarge-area, small-scale surveys aimed at
1dentifying areas where repetitive‘ﬁonitoring should be undertaken.

Furthermore, it is important to realize tﬁat for some activities, such
as background monitoring of pollution in the atmosphere, networks of a
specified size can be envisaged and aimed at. For other activities - such
as impact ﬁonitofing of air pollution - the goal is much less definite,

since the gram only aims.at praviding countfies with model stations that
will enablz§:hem to emplace networks of the size and quality they need.
Likewise, with regard to ecological monitoring, current activities aim at
providing small-scale surveys that will make it possible for individual
countries to select, ac?ording to the ratignal criteria embodied in the
developed,methodologies,'areas for getailed monitoring that they may decide
_ to carry out on their own territories;

An additional complication is that, with responsibilities variously
apportioneﬁ between member states and international organizations and with
the extremely small international financial resources avaiiable fér monitor-
ing, planning'is continuallygfrustrated By the difficulty of matcﬁing
objectives with the reality of the amounts and availabillty at any given
time of resources of both national and international_origin.

]

The Priority Variables

In conducting the activities set out in the following paper, the list
of pollutants drawn up by the 1974 IMM was closely followed, and in some
cases greétly expanded. The main pollutants thaf were originally listed and
that are not currently bé&ng monitored Under GEMS are nitrogen oxides,

'carbon monoxide, asbestos and reactive hydrocarbons at atmoépheric'impact
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S -thh*regard~t0‘other environmental variables, the IMM recommendations

stations. Plans for including those pollutants in an expansion of the air

quality monitoring program are, however, being considered.

were somewhat vaguer. The soil and vegetation cover monitoring activities
that are being undertaken or planned under GEMS will meke major contribu-
‘tions to the knowledge of the state, potential and-degradation of natural

fresourceé, particularly in areas that may be affected by the desertification

. process.,

"Flow of Data from Collection to Final Assessment

Thg collection of data under the various monitoring activities belong-

ing to GEMS is the ultimate responsibility of member states. The data are
“then assembled centrally under procedureé that vary depending on the activity
that hasfproduced them. The following papef éontains examples of how the
centralization‘of the results:frdm indiVidual activities is achieved.

Each act1v¥fy contains provisions to ensure that data gathered by dif-
ferent laboratories and in different countries can be comparéd with each
other. Thus intercalibration under forms appropriate to each activity is an
essential element of the operation and for some programs involves a substan-
tial portion of the international financial resources commited to a project.

Data whose quality has been ensured are published, again according to-

< procedures that vary with the activities g}néfating them, and‘thquby fall
into the public domain. Background and impact air pollution mdnitoring data

" are thus being published yearly by WMO with the Environmental Protection
Agency and National OCeanograpHic‘and Atmospheric Administration of the”
United States and by WHO, respectively. C

In many cases, data thus published must accumulate for many years
before meaningful analysis and;intefpretation can be undertaken. This can
be done by individual scientisté or institutions and by the United Nations

- ageéncies responsible for thé ihtérnational coordination of the individual

activities.
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UNEP is planniﬁg to examine these analyses from sets of related
activities (e.g. health—relateé monitoring, monitoring ofkveg;tation and
soil cover, etc.) through the work of governmental expert groups. In addi-
tion to reviewing and collating thesk analyses, govéernmeunt experts will be

' asked to evaluate the need for and the adequacy of the activities reviewed '

and to make recommendations for their improvement, expapsibn or phasing out.




INTERNATIONAL MONITORING ACTIVITIES

B. Martin and F. Sella s

A survey g} the most impbftant international moniforiég
activities throﬁgh January 31, 1977. The survéf identi-
fies the agency or agencies with primary responsibility
for each mdﬁiforing program, and specifies the purpose
of the program, its planned future develobment, and its

" expected results. A 1list of abbreviations app;ars at the

1

end of this paper.
. ' &

Activity Group 1: Ecological Monitoring

Moniforing,of the Earth's Soil and Vegetation Cover

World Assessment of Soil Degradation

A world assessment of soil degf;dation is being undertaken by FAO and
UNESCO in cooperation with UNEP with the'followipg~objectives: to assess
actual énd potential soil degradation by compiling existing data;\to de~
velop an-appropriate methodology for monitoring deg?adation; tq prepare

. guidelines. for data accufiulation suitable for mathematical modelling; to
in#éstigate the use of remote sensing techniquesi and télstudy refinements
of meteorological dagg which determine climgte aggressivity and soil de-

.gyadation hazards in"d¥fferent ecological zones. This work makes exten~
sivé use of the 'soil ﬁap of the world produced by FAO, UNESCO and the ;
International Society of Soil Science. .

The'soil degradation map was undertaken in direct response to recom-
mendation 20 of the Stockholm Conference. Work to date has produced a
draft map of soil”degradation on the scale 1:5,000,000 for Africa north
of the Equator; data upon which that map will be based have also bee;
used'iqithe production of a larger scale map (1:200,000 to 1:500,000) to

* demonstrate degertification for the 19T7T Conference on Desertification.

By the end of 1978 the assessment of both soil degradation and degrada-

tion hazards for Africa.north of the Equator and the Middle East will

-
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_ have been completed at the 1:5,000,000 scale. The.global assessment is
expected a year later. ' o | '

- During 1977, critical aréés in the tropical zone of North Africa re-
quiring more intensive monitoring will be identified, particularly with
regard to soil salinization #nd alkalipization.

Tropical Forest CoJer Monitoring N\; :
A pilot project, undertaken by FAO in cooperatioh ith UNEP has aS\

ité obJectives: ‘

To undertﬁke in four adjoining countries (Togo,,Bénin, Nigeria,

Cameroon), over a period of three years, monitoring of the forest

cover using a methodélogy developed Auring an earlier phase;

To obtain data on both the present forest cover and its quantita-

tive and qualitative changes with time; '

To refine, test and possibly adjust the general methodology in the

1ight of the various logistic problems encountered; '

To prepare to extend monitoring to the rest of!the tropical bélt.

‘The pilot activities started at the -end of 1975. By the end of 1977
the first forest cover data should be a@ailable, and by 1979-1980 these
results and those from-the rangelands project ment ioned beléw will make
possible the application o% the refined monitoring methodologies and
vegetation classifications in other tropical areas of the globe. It is
hoped that a full inventory of the cover for most of the tropical belt
will be available by the mid-1980s. This will be depeﬁdent upon’the
continuing availability of Landsat-type satellite data and other avail-
able esources,'és well as cooperation from the countries involved.

angelands Monitoring

Pilot project on monitoring of rangelands (planned):

This pilot project, to be undertaken by FAO in cooperation with UNEP,

_is primarily designed to develop and demonstrate appropriate methodology
for the surveying and monitoring of rangelands. The secondary objectives
include the writing of a manual of; instruction, the training of inter-
ested country representatives and the identification of operational prob-
lems likely to arise in the wide implementation of the developed meth-
odologies.
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- The first phases, including reconnai%ssance of suitable areas,
are expected to start in 1977. Close cooperdtidn will be maintained
. between the pilot project and FAO's EMASAR progrem, which 1nvolves
the use of monitoring data in the Ecological Management of Arld and
Semi—Arid Rangelands; S%d with UNESCO's Integrated Project on Arid
. o+ Lands, which aims to identify the causes of ecological degradation
and desert encroachment in arid zones.

Global Appraisal of Land Resources Potentiél by Agro-ecological
Zones

In 1976 FAO initiated & three-year appraisal of the sultabllity
of land for agrlcultural purposes in different agro—ecological zones
of the world. Suitability of land for the production of main crops
will be.rated qualitatively in terms of anticipated yields. It is
expected that comparisons of the yields of the main crops.by agro- '
4ecological'zones will clearly identify both majer problem areas and v
prime production areas and will indicate where maximum returns may

be expected from modest, i.e., "on farm" inputs.

The Monitoring of Water Resources

The International Hydrological Decade (IHD) and the Interna-
tional Hydrological Programme (IHP)

During the IHD, which ended in 1974, a number of local and re-
gional stations throughout the world collected water resources data
in an effort to understand regional and local water balances, which
constitute sd;systems of the global water cycle.. Data on sediment
discharge were also collected, and the reeults of this overall world
study have been published by UNESCO in § series of" reports. Infofma—
tion is available on the transportation of sediments in about 250
rivers in over 40 countries, and oniwater discharge for about 1,200

_stations in about TO countries. More detailed information on river
‘discharge is being accumulated in the UNESCO/UNEP World Register of
Rivers diseharging into the oceans.

Within the framework of the new, long-term Internatlonal Hydro-

loglcag Programme (IHP) launched by UNESCO in 1975, work will continue




on various scientific proJects, including water balance studies,~re- . A w
search into hydrelogical regimes, etc. Data from the abOVe—mentioned '
network will be used, as appropriate, together with information from
the WMO network of operational hydrology stations. '

MonitoringgServices for Hydrology g ‘

WMO'B obJective is to coordinate measurements of basic hydrological
elements at national meteorological and hydrological stations all over
the world, and to coordinate the collection, transmission, processing,
stqring, retrieval and publication of basic hydrological data. Methods
wjll be developed for observation, data transmission and processing, and . A
drological forecasting, in order to promote operational hydrology at'-
the national level. To this end, WMO is preparing a Hydrological Opera—

~tiona.l Multipurpose System (HOMS) to be 1nstalled at the national or

regional (ba51n~vide) level to facilitate the supply of data.
World Glacier Inventory -

The World Glacier Inventory was launched by»UNESCO during‘the IHD .

‘and is‘implemented in cooperation with UNEP and with the International

Commission for Snmow and Ice. The main aim of the inventory is to obtain
an estimate of the world's solid water resources.

International Cooperation on Water Balance in Europe

At 'a vorkshop organized by UNESCO and WMO in September~0ctober
l97§, proposals for a program of international cooperation on water balance
in Europe were developed. ' The proposals are concerned with standardiza-

tion of measurements and methodology in gtudies of water cyclés, and in-

. clude an important monitoring component. 0f particular interest vill

be the studles of the vater balance in basiﬁs extending over territories

of several countriesa " The pragram will be considered further at the

second UNESCQ/WMO Conference on Hydrological Problems in Europe to be
held in Brusséls in September 197T.

World Survey of Isotope Concentration in Precipitation

Since 1961, IAEA, in cooperation with WMO, has acted as the col-
leeting agency for data on the distribution of tritium, deuterium
and oxygen-18 in precipitation. Over the years, more than 100 meteo-
rological stations in 65 countries and territories have collected '

monthly precipitationrsamples. <Phese are sent for analysis to the IAEA
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hydrological laboratory in Vienna, or in some cases to cooperating
laboratoriea in other countries. At present, 121 stations are actively
partlcipatlng in this monitoring network. . -

Quarterly reports of data from the collection statlons and labo-
rgtories aré\processed for computer storage on magnetic tape. This
tape is\used for a biannual publication prepared by IAEA, entitled

1"

"Environmental Isotope Data." Five volumes of data have so far‘been

published, covering the period 196151970. The dafa are being used in

.

hydrological studies tracing the geochemical history of water. \.
. ‘ 7
The Monitoiing_of the Biosphere .
The Man and the Biosphere (MAB) Programme (UNESCO)

Several national research prbjecfs'within the international MAB
proéram, launched by UNESCO in 1971, are'concgnned with small-scale
monitoring of ecosystems. Most of these fall within those MAB projects
which deal with ecological;effects‘of human activities' on resodrce§ of
lakgiﬁ riﬁers, marﬁhlands,.deltas‘and coastal zones, and with effects
of pollution on the biosphere. 7Pilot monitoring activities are also
carried out in several MAB Biosphere Resefves (sée below). An up-to-
date inVento;y of national MAB projects, which will be available from
UNESCb in 1977, will reveal more details of these monitofing activities.
Current information shoys‘that pilot stﬁdies on various types of.moni—
toring are distributed among 35 countrigé in North and South America,
Europe, Africa, the'Middlp Eést and the’South Pacific. These relater‘
to: nutrient c¢ycling in fofeét'and grassland écosystems, eutrophica-
‘tion and related nutrient flow, effects of land use on water quality,
incidence and effects of‘atmospheric'precipitation_df pollutants on
terrestrial and aquatlc ecosystems. . #

Within the MAB program, an important act1v1ty related to monitor-
'ing is the establishment of Biosphere Reservgs: To date a total of
118 such reserves havé been formally designated. Many of the reserves
are being established in remote areas where they will be available for
monitoring of the conditions in natural ecosystems, and-of pollutants at

the background level. Further cooperation between UNESCO and UNEP will



be establishedgin'order'to make ultimate use of these reseg@es fcr
operational monitoring a¢tivities.
Wildlife Sampling aﬁﬂ Analysis Program - .
From 1972 to 1975 OECD has undettaken continued.monitoring of the
content qf PCB DDT, TDE, DDE and mercury in certain marine, freéh~water
| and terrestrial fish and wildlife species. The following countries have

R
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Joined in this exezsgse: Austria Belgium,_Canada Japan Finland France,
Netherlands, Norway, Portugsl, Spajin, Sweden,szitzerland, the Unlted
Kingdom and the United States. ata obtained in.ccuntry reports have been
computerized and analyzed statistically since lQThl " Results have been

" considered annually by~ an expert group, and data for the final year (1975)
were processed in the spring of 1976. A full examlnatlon of the results
of the:threer‘tqifcur—fa&r undertaking is belng conducted, and the final
repoft is'expected ddring 1977.

. Wildlife Monltorlng ' ‘ ’ <

The SurV1val Commlsﬁlon of IUCN is attempting, with the flnancial
' subport of the World Wildlife Fund and UNEP, to monitor the changlng status

of varlous endangered sp&cles of wildlife through information collected on
-individual spec1es by sp@clallst groups throughouW/the world, and by the
use of other methods

Impact Monitoring of Pesticide Residues

Plans for monitoring pesticide residues in the environments of de-
veloping countries were Aeveloped during an FAO/UNEP expert consultation
in 1975. Implementatlon of the- plans might begin in 1977 on a two- or
three-year pilot studJ basis. Resultant data should add to the knowledgec
of the level of pest1c1d& residues galned in assoc1ated actLV1ties

L

Monitoring of Marine ResQurces

Liviﬁg,Marine Resources

For many years, the International Council for the Exploration of the
Sea (ICES) has been syét&mhticelly'collecting data on fish catches as an
index to fish stocks in Lhe North East Atleptlc; the*edjacent waters of
the Arctié\and the Balti¢ Sea. The £ish ‘stocks aﬁq_catchestpresently ,

monitored include herring, cod, haddock, whiting, sole, saithe (coalfish),
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mackerel, salmon, and deep sea shrimp. Some‘shellfish, such as,the Norway'
lobéter, are also monitored.- Reports are issued annually containing de-
tailed statistical information on catches and estimgted stoquw ﬁﬁh 197h,
ICES.produced a survey of fish resources in the North East Aélanﬁic which
included data on the life history of the fish species in addition to sum-
mary data on catches for ten years (1962-1972) and the state of exploita-

tion of each species.

Activity Group II: The Mohitoring of Pollutants

Subgroup 1: Health-Related Monitoring

The Monitoring of Air Pollution

Air Quality Monitoring

The basic objectives of this activity, which is undertaken by WHO
in cooperation with WMO and 'UNEP are: '

To establish a system for monitoring air pollution in urban and in-

dustrial regions around the globe; to arrange international ex-

change of information from this system on levels and trends of air
pollution;

To improve the validity and comparability of air quality measurements

made by member countries and organizations through the development

and implementation of monitoring-quality-assurance program, in-
cluding reference methods, reference standards, monitoring guide-
lines and interlaboratory comparison studies;

To provide technical assistance to member states to strengthen their

air-pollution-monitoring through training courses, fellowships,

consultations, guidelines and supply of additional equipment, with
special emphasis on the need of those develéping countries that

have serious air pollution problems.

Data collecting started in 1973 as a pilot study, with 14 developed
countries participéting in the measurement of sulphur dioxide and sus-
pended particulates in urban areas. WHO published the 1973-19Th data in
1976 and will continue publishing data on an annual basis under the titlg
"Air Quality in Selected Urban Areas." A manual on urban-air-quality-

monitoring and dates-reporting procedures was published by WHO in 1976,
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and a manual on the selectibp of suitable sites for monitoring in urban
areas is being prepared. »

The current phase, yhich lasts unti mid-1977, will attempt to in-
volve 50760.countfies, with emphasis on training and data quality. Fhase 2

{mid-1977 to the end of l978) will concentxgtiden introdﬁcing measurements

of additional pollutants such as car monoxide, oxidants, heavy metals

" absorbed on partlcles, n1trogen oxid%s, etc. Incregsed emphasis willjalgo

be given to linklng air quality measurements to epidemioiogical studiee

carried out in the cities concerned. The present network is presented at

‘the end of .is report.

Arrangements have been made by  EEC to ensure that data on air pollu-
tion being collected in cities and industrial areas within the EEC are
brought into this project. Data are being channelled through the WHO
European office to WHO headquarters for incluslen in the publication on

\ .
“"Air Quality 1n Selected Urban Areas An- additional element of the

EEC survey in six of its member states is a study of the relatlonship be-~
tween air pollution and respiratory ailments in children.

Deposition and Transmission of  Air Pollutants in Europe

It has gradually become evident that air pollution may affect large
geographical areas far beyond the major sources of pollution. During the
years 1973-1975 OECD carried out an extensive research project in most
countries of Western Europe on the extent of deposition and the maénitude
of long-range transportation of 802. About TO stations monitored SOE’ and
the resulting date were compared with those amounts of SO2 estimated to
have been transported over long distances from their sources. The results
are expected to be published in 197T.

"‘In the light of this study, and of the recommendations of the Con-
ference on Securlty and Cooperation in Europe, ECE, in cooperation with
WMO and UNEP is developing & plan for a "Program for Monitoring and
Evaluation of Long-Range Transmission of Air ‘Pollutants in Europe.' lhe
basic objective of the program is to provide governments with information
on concentrations and extent of depositioq of air pollutaﬁts (802, NOx and
particulate matter) in Europe, as well as on the magnitude and significapce

of the long-range transmission of these pollutants and their flows across
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boundaries. The plan, if approved, will start in 1977 with the partici-
pation of the Governments of eastern and western European countries.

Inventory of Institutions in the ESCAP Region with Capabiiities for
Air and Water Pollution Monitoring

The National Environmental Engineering Research Institute, Nagpur,
Indiq,.ﬁith cooperatién from UNEP, is preparing an inventory—of institu-
tionsvin the ESCAP region with capabilities for air and water pollution
mopitoring. The inventory is expected to be issued in 1977. This is a

first step to build up improved capability for environmental monitoring

in the ESCAP region.

The Monitoring of Water Quality

Global Water Quality Monitoring_System

The basic objectives of the network, which is operated by WHO in co-

operation with UNESCO, WMO .UNEP, are:

(é) To collect, compile,~#halyze\and disseminate comparable informa-—

tion on water quality parameters of pub\ic health importance as well as

(b) To strengthen water quality nitoring in member states as part
of'their"water quality management and to assess transport levels and
trends of particularly hazardous water pollutants on a global basis.

A detailed work plan has been developed by WHO in collaboration with

WMO, UNESCO and UNEP. Cooperation will be established with FAOC and ISO.

~Preparations will be concluded in December 1977, and operations are sched-

uled to start early in 1978. The project as presently conceived makes no
provision for surveillance of water issuing from drinking water treatment

plants.

et

Monitoring of InlandLWaters for Eutrqphicapion Control

In 1973, eighteen OECD member countries $&ined in a four-year program
on monitoring of inland waters to provide information for the control of
eutrophication. The final stage of integrated dg?h~ggocessing and assess-

ment of results will take place in 1977.

33



The Monitoring of Food and Animal Feed

Both FAO and WHO have long been involved in the standardization of
norms for food quality through their Joint activities in the Codex
Alimentarius Commission. ,

Food and Animal Feed Contamihation Monitorﬁng,Program

The basic objectives of this activity, which involves FAO and WHO
with UNEP, are: ’

(a) To develop an international comprehensive food-and-animal-feed-
conﬁamination.monitoring program with components to assure comparability’
of data, data cbllection, review, evaluation and dissemination;

(b) To encourage governments which already undertake contaminating
monitoring activities to participate and share information;

(c) to assist governments, particularly those of developing countries,
wishing to initiate or strengthen such programs. ‘ ‘

An initial pilot project involving ten countries (three of which will
be developing countries) will monitor chlorinated hydrocarbons in certain
milk products, and lead in some vegetables and fish products,\in order to
determine levéls and intercalibrate methodologies. Operations are due to
start in July 1977. Additional contaminants, such as aflatoxins, will be
monitored later. The firgt set of data should be published in late 1978,

" followed by a review meeting of the pilot phase in 1979.

The Moﬁitoring of Pollutants in Targets

Monitoring in Body Fluids and Tissues ,

.A UNEP/WHO Government Expert Group meeting will be convened in April
1977 to consider all pealth—related monitoring activities carried out in
air, food and‘water under GEMS, and to integrate them 7 '{.. = coherent pro-
gram. To that end, the group will consider proposals I-r aiditional ac-
tivities to be initiated before the end of 1977, including the monitoring
of certain pollutants such as lead, cadmium, mercury and organochlorine
compounds in body fluids and tissues. This should make it possible to
.J.assess directly or by proxy the exposure of suitable samples of the popula-

“. tion to those pollutants and to relate exposure to environmental levels.

3k
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Monitoring of Human Milk Composition , .

Within the mother and child health program, WHO is carrying out a
two-year survey of variations in the quantity and quality of human milk,
depending on nutritional, physiological and geographical circumstances.
Chemical analyses will include the determination of arsenic, cadmium,
lead and‘chlorinated pesticide residues. The results will profide in-
formation on the pollutants intake of breast-fed children and, indirectly,
on the exposure of lactating‘mothers.

Monitoring Pollutants in Human Hair

Through participation of laboratories in 15 countries in all con-
tinents of the world, IAEA is at present studying methods for systemati-
cally monitoring certain chemical elements in human hair, using the tech-
nique of neutron activation analysis. These activities may provide an
important input to the exposure monitoring activities referred to above.

Assessment of Levels and Effects of Ionizing Radiation

P Since 1955, coordination of measurements of levels of radioactivity
in the environment and of radiation tissue doses from all sources, and
evaluation of the data on a global basis in terms of risks of genetic
and somatic effects to man, has been the responsibility of the Wnited
Nations Scientific Committee on the Effects Qf Atomic Radiation, which
reports on this at irregular intervals to the General Assembly. The

latest substantive report was issued in 1972 (ionizing radiations: levels

and effects. United Nations publication, Sales No. E.72.1IX.17). The next
one, due in 1977, will comprehensively cover the whole field of risk of

radiation from natural, medical, and industrial sources.

Monitoring of Health Effects of Environmental Agents

Monitoring of the Health Effects of Pollutants

While the specific effects of pollutants at the high doses met in
acute poisonings and other accidents are generally well known, information
on the detrimental effects of the low levels of pollutants to which popu-
la@ions as a whole may be exposed over loﬁg periods of time is scanty. This
is because the effects, if any, are infrequent and often nonspecific.

4

Health effects are therefore best examined through epidemiological studies,
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but ciues as to etiology can also be obtained by systematically follow-,ci
ing trends in the prevalence of specific dlseases and in the incidence
of spec1fic causes of death. WHO is currently studying ways and means
to.carry out this type of monitoring-through a more thorough examination
of routine health and vital statistical data than is feasible in most’

countries.

Subgroup 2: Climate-Related Monitoring

Monitoring Climate and ClimJ;; Variability

Climate-related monitoring involves two types of activities:

(a) Monitoring climate and climate variability through observa-
tions of irradiation and other physical parameters in the atmosphere
and those parameters in the biosphere and hydrosphere whlch have a
direct or indirect impact on climate and its fluctuatlons.

(b) Monitoring pollntants and other compounds (such as 002) in
the atmosphere and in precipitation, Both at high (impact)‘and low (bgck-
ground) levels, for the pnrpose of essessing amounts.and trends in
amounts, with a view to analyzing their effect on local and global cli-
mate and climatic variability. Such monitoring, however, is essential
also for studies of local and long-range horizontél transport of pol-
lutants as well as for.evaluation of the interchange of these pollutants
with other media such as fresh water, oceans, s0il and biota;

The World Weather Watch

‘The World Weather Watch (WWW), launched by WMO in 1967, is basic to
WMO monitoring enterprises, and involves three elements: the Global
Observing System, the Global¢Telecommunication System and the Global
Data~Processing Syetem, The first of these ensures that observations
of various physical parameters (air pressure, temperature, wind, precipi-
tation, ete.) are made every few hours at fixed international times at a
network of stations covering # far\as possible the whole surface of
the globe. At present, ,the synoptic network comprises some 8,500 land
stations. In addition, nore than 800 stations around the world carry out
upper;eir observations, and about 7,500 merchant ships and 10 ocean

\
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weather stations provide data from the oceans. Data are also received .
- fromfaircraft, and from gﬁo-stationary and polar-orbiting meteorological
satellites. : . , /

Within a few hours, all these observatloﬂb are processed by high-
speed computers and made available for use in weather forecasting and
climate studies. The data are collected, processed. and stored‘in
national, regional and world centers, the latter.located in Melbourne,
Moscow and Washington D.C. '

All WMO members partlcipate actively, and nonmembers are invited to
do so. In any given country, WWW contrlbutes'meteorologlcal support
services depending on the lodal needs.and alsoxgupports'tﬁe specialized

‘./&mOAEtoring activities mentioned‘below. WWW also involves the WMO pro-
gram for monitoring background air pollution, forms theﬁbasis for the
WMC)ICSU Global Atmospher&c Research Program (GARP)uactivities, and

supports WMO's.tropical cyclone activities. <

[~ Network of Qllmatologgeal Stations
In addition to the WWW stftlons which prov1de real time data, there
are more than 100,000 stations that observe meteorological elements for
application in studies of climate and ité.variability. WMO has arranged
for standardization of measurements, processing and publication of se-
lected data. Sterage and publication of data by countrieé is usually
on a monthly basis. ‘ R
Network of Stations for Observation of Solar Radlatlon

More than 600 stations in 78 countries make regular measurements of
incoming and outgoing radiative energy at the surface of the earth.
Through WMO, the measurements from these stations have been coordinated
to form 8 worldwide network. The data are published -annually by the
Main Geophysical Observatory in Leningrad.

Network for Observations of Atmospheric Ozone

The obJective of this network, supervised by WMO and cosponso?ed by
the International Ozone Commission, is ta/ﬁonitor, in a coordinatdh
manﬁer, the variations in total ozone aﬁeunt in the atmosphere, initially
for studies of troposphere-stratosphere energy exchahge processes and

other energy balance research. These data from 7O stations in 21 countries
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have become an invaluable tool also in studie§ of the possible impact
of man's activities on the ozone layer.A fhe data have been published
annually, since 1963, under the audpices of WMO by the Atmospheric
Environment Service, Ottawa,.Canada. i
' Monitoring for Modelling of ClimatewChangLs ,
A major objective of GARP is to develop numerical models of the.

\
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”atmoaphere and the ocean, on the basis of which changes in the earth's
climate can be ex?lained and predicted The WMO/ICSU First GARP Global
Experiment (FGGE) will fill gaps in the ex1sting WWW global observation
system by arranging for additional observations over the oceans and by

using more meteorological satellites. Preliminary studies have shown

‘that it is crucially important to the experiment to add observations,
particularly in the tropics. -

Many of the ships contributing to the FGGE experiment will lack the
necessary equipment for monitoring essential upper air physical properties.
UNEP has agreed to cooperate with WMO in purchasing this equipment. Spe—
cially designed equipment ' is to be provided. for six such ships from a
number of developing countries operating in the tropics. FGGE is sch!d—
uled to start in January 1979. ’

Monitoring of Mas° Balance and Fluctuations of Glaciers f

The World Glacier Inventory activity was launched by UNESCO dg;?:;?y

‘the International Hydrological Decade and is implemented in cooperation

with the International Commission for Snow and Ice (ICSI) and, since
1976, with UNEP. The program aims at standardizing the information on
glacier volume and mass balance-available on a national basis to make
it compatible for use in a worldwide computerized system. It further
aims to fill remaining gaps in global coverage, and to produce a global
summary of all data. This undertaking will obviously provide valuable
information about the world's water resources andvfor studies of the ,
world water bglance. Untimately, a selection of‘reference:glaciers is
to be made in various parts of the world to form the basis for a future
«aystem for monitoring glacier fluctuations in relation to climatic'change.
A temporary technical secretariat for the inventory has been established
in the. Department of Geography of the Swiss Federal Institute of Technology
Yy
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in Zurdch. During the first phase of the project, fairly complete in-
formation has been caile e& from glacier areas in Canada, the Union of
Soviet- Socialist Republic the United States and the Himalayas. More
limitgd_information has Beqn collected so far from 45 countries. .

Under the auspices of ICSI,.and ith support of UNESCO, data dating
from 1960 ongflhctuations in glacier tongue§ has been collected by the
Zurich institﬁ%eﬁ. Publications containing this information hdave been
issued fof_the years 1961-1965 and 1966-1970. A new volume for the
period 1974=1Q75 is in preparation. '

Further PAsns for Climate-ﬁ;lated Monitoring

The further requirements fof monitoring of climate and elimate
variability are currently being studied by WMO and UNEP, in particular
within the WMO/ICSU GARP program. UNEP is pianning to convene between
the fifth and the sixth session of the Govérning Council, a Government
Expert’ Group on Climate-Related Monltorlng to provide an overall plan

for monitoring in this area.

Monitorlﬁh of Pollutents in Relation to Cllmatlc Changes

’MongtorlngABackground Pollutlon in the Atmosphere

In 1970 WMO began to dévelop a network of wor’ ide observations
of atmospherlc pollutants and their, concentratlon at the low background
levgl, partlcularly those liable to affect weather ahd climate. 1In
;97i,'this network'bécame part of WWW. UNEP has cooperated with ﬁﬁo.
since l97h‘in the expansion of this activity. f' N Yo

The stations in the process of being esgﬁblished in this qetwork
are of three types: ’

'(a) Baseline stations for monitoring, at very<fow levels of con-'

centration, significant constituents of the atmosphere on a global basis;'

(b) Regional stations for monitoring long-term changes in atmos-
pheric composition caused by changes in regional land-use practices;

(c) Regional stations with expanded programs for monitoring addi-
tional poilutqnts where this is fegﬁible.

The minimum monitoring program‘at baseline stations includes
turbidity of air and precipitation chemistry, including analysis of

_SOh, CI, NHh’ NO3’ Ca, Mg, Na, K and héavy'metals content, alkalinity,
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conductivity, pH, and CO2 in air. At regional stations, the minimum

program includes turbidity of air and precipitation chemistry. Base-

——-1ine stations and regional stations with expanded programs have the
V‘Nggpzi?n of monitor?ng also 802, Hes (or total sulphur), NO and NO
. NH3, particle composition, CO, CHh’ N20, 0

heavy metals in air, and Aitken nuclei.

2>
3 (total and at the ground),

4

In 1974, WMO in cooperation with UNEP began to expand the ekisting;
WMO network, particularly in developing countries. By mid-1976 the
network included 120 planned or established stations in 59 countries,
plug 10hbaseline stations in five countries with four'more in the
planning stage. Ip‘this connection, WMO, in cooperation with UNEP
and the Kenya government,‘is conducting a féasibility study for
establishing a baseline station on Mount Kenya. WitnvyNEP assistance,
12 regional stations in 10 countries have so far been equipped. A WMO
Manual for Sampling and Analysis Techniques for Chemical Constituents
in Air and Precipitation was published in 1974. Training seminars have
been organized in Latin America and Asia, and asgessment procedures are
under study. s

The first of several planned comparfsoné’of‘analysiéﬂ%echniques for
constitﬁents in precipitation was organized by the United States Environ-
mental Protection Agency in 1975/1976. WMO, in cooperation ‘with UNEP,
has also arranged for one central 1aboratory;‘thé Scripps Institution for.
Oceanography, ia Joila, California, to ensure that all stations monitor-
.ing atmospheric COQ”can calibrate their measurements against & common
standard. The United States has published data on precipitation chemistry
and turp;dity for the years ;972, 1973 and 19Th. From 1975 onwards,
CO2 data from baseline stations are expected to be included.

1
Global Ozone Research and Monitoring

A first phase of this activity is currently being carried out by'
WMO, in coéperation with UNEP. The basic obJectives are to plap and :
eventually establish a program for monitoring the .global distribution
of ozone and of atmosphgric trace substances whi;h have an impact on

the ozone budget, and to monitor solar ultra-violet radiation.
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A number of stations selected from the existing WMO network of re-
gionai stations fBr observation of ozone, and the WMO baseline stations
will be included in the program. During 1977, a mahﬁai on ozone observa-
tions will be published and comparisons of ozone spectrophotometers will
be carried out. Further developmepts will take into account. the results
of the UNEP expert group meeting og‘the ozone layer held in Washington, D.C.
in March 1977T.

Subgroup 3: Ocean Monitoring

In the marine environment, monitoring activities primarily involve
organizing observations through multinational cooperation, in order to cu~
tain information about levels and trends of pollution on regional and global
séales. The pollutants of concern are those that can endanger human health,
have harmful effects on living organisms, or influence the exchange of
energy and matter between ocean and atmosphere.

Present activities are largely confined to pilot projects for de-
veloping pethods of observation in order to be able to implement operational
monitoring on a larger scale. Much of the work will be carried out in
connect{on with the overall environmental sgudies of regional sea areas,

~

such as the Mediterranean, the Caribbean, the Red Sea, etc.

Monitoring Pollutants in Regional Seas

UNEP is developing action plans for regional sea areas around the
globe. These plans include monitoring activities. The first plan to have
been adopted by governments is the Action Plan for the Mediterranean, but
activities are in the planning stage for the Red Sea, the Gulf of Aden, the
Caribbean, etc. ‘ : N

For.about 10 years, ICES has carried out extensive studies of marine
pollution, including monitoring agtivities in the North Sea, and, in co-
operation with SCOR, in the Baltic. In 1974, the North Sea studies were
extended to the Oslo Commission and ICNAF areas. ICES progress is re-
ported to the United Nations system through I0C and its Working Committee
for GIPME. An IOC/ICES Working Group is drawing up generai guidelines
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for implementing regional baseline studies}of marine pollution, and
requirements for monitoring. A report will be published shortly, and [ -
GIPME will be responsible for keeping it up to date.
¢ A number of national activities have béen undertaken in the North
Pacific by the United States, Japan and Canada for their own purposes.
Thé\Mediterranean -

‘y

The/UNEP—Coordinated Mediterranean Pollution Monitoring and Research
Program is part of the Mediterranean Action Plan approved by governments
in Barcelona in 1975. It comprises seven pilot projects, dealing mainly
with coastal waters, and involving baseline studies and monitorlng of
0il and petroleum hydrocarbons in marine waters; baseline studies and
monitoring of metals (particularly mercury and cadmiﬁm),,DDT, PCBs and
other chlorinated hydrocarbons in marine organisms; research on the ef-
fects of pollutants on marine organisms and their populationa, and on
marine comminities and ecosystems; coastal transport of pollutants; and
coastal water quality control. These projects are being executed pri-
marily by national institutions (70 centers 1n 15 countries) ‘in coopera~
tion with FAO (GFCM), IOC, WHO, WMO and IAFA. An additional pilot
project dealing with levels of pollutants in the open waters of the

_Mediterranean and with the biogeocycle of the most important pollutants
has been added to the program. UNEP support includes training, pro-
vision of equipment, organizing intercalibration, and preparing technical
guidelines. In October 1976, a meeting of the Interagency AdVisory
Committee on the Mediterranean program met to review progress on the
seven pilot projects and to coordinate future activities. The first
review meeting of results and maintenance services'will be held in mid-
1977 and the final reView meeting is scheduled for December 1978,

A related project includes a UNEP-initiated collaborative study of .
Pollutants from Land-Based Sources in the Mediterranean, which involves
the cooperation of ECE, FAQ,/UNIDO, UNESCO, WHO and IAEA. rﬁé objective
of the project is to provide the governments of the Mediterranean coastal
states with appropriate information on the type and quantity of pollution
from major land-based sources and rivers, and on the present atatus of‘

waste-discharge and water-pollution-management practices. During the

&




first phase of the projéct, an inventbry of land-based sources of ;pollu-

tion discharging into the Mediterranean was prepared. Theycommon meth-

odology for data collection and interpretation was agreedjzpon at an

interagency meeting, Geneva, June 1976. The results of the first phake

Were reviewed at the first meeting of the Planning Committee which. was

~called by UNEP in October 1976. During the se¢ond phase of the project,

now under way, collection of data and the assessment of all pertinent o

information will be the two major activities.
The North Sea | <

In 1967, ICES began collecting 1nformation from member‘countries
about their studies of marine pollution. The resulting-Internatlonal
Study of the Pollution of the North Sea included a baseline study of the
physical, chemical and biological fate of pollutants Tn the North Sea.

The pollutants: included petroleun, chlorinated hydrocarbons, halogenated
hydrocarbons and metals, particularly mercury, lead, copper and zinc.

The following pollutants are also being studied sccording to an agreed
plan: sewage,’industrial waste, toxic substances from industries, dupp—
inglactivities and atmospheric fallout. There has been considerablelprogg
ress in the development of methodology for monitoring pbllutants in ses
water and sediments. There is also in progress & special baseline survey
of pollutants in fish and shellfish in which 10 lsboratories in eight coun-
tries ‘participate, using intercalibrated methods. First results have been
publisned in Cooperative Res. Rep. No. 39 (lCES, 1973, T4,

.The Baltic C

Studies of pollutants in the Baltic have progressed along lines simi-
~lar to the North Sea Earlier studies of pollutants were followed by &
baseline study in 19T4/1975 involving all seven countries surrounding
the Baltic. The\standards from the North Sea were utilized so that the
results of the two studies are comparsble. The pollutants analyzeg were
similar, but the organisms chosen were somewhat different. 'Results Qill be

pubfished in 1977. A number of more limited studies will culminate in

© . 1977 with a large-scale multidisciplinary open sea experiment, BOSEX-TT,

‘In which scientists from all Baltic countries will participate. This will

provide the knowledge needed for the monitoring and control measures to be
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taken by the Helsinki Conv&ntion for Pollution Control of the Baltic,
which is expected to 5ecom&‘operative in the near future.
The No¥Yth East and North West Atlantic

Bageliné data on pollutant levels in 11ving resourcesi\and the 6ddi~
tion oz pollutants to the Oceans, are now being gathered in !the North East
and North West Atlantic, a% a result of the Oslo Convention for the Preven-
tion of Marine Pollution f®om Ships and Aircraft. This is the la;ggst cO-
ordinated survey of its kimd carried out to date. All countr%es bbrdering
the North Atlantic have agteed to participate. The major effort has been
concentrated on cod and hake. It is evident that the study of pollutahts
in .the North Atlantic is much mere difficult than in the North Sea, but it
is being attempted: The r&sults will be publighed in late 1977.

‘Monitoring of Open Ocean Waters E\\\\\\;

Integrated Global Ocefin Station System (IGOSS)
The objective of IGOSH, a joint underteking of IOC and Wﬂogﬂis to

provide information on the ocean and its interaction with .the at@osphere,
and to support reséarch on processes in the oceans. The information
sought relates to physical and chemlcal varlables. The system‘aims at
providing rapid collection of data from various parts of the world's
oceans, rapid transmission or relay to de51gnated centers for processing
and products (e.g., forec&%ts, charts), and the distribution of products
to users according to spat&d user requirement§, Data acquired are stored
at dqta centers for archiv&l processing to satisfy the needs of those
conductingfstudies and research.

Meteorological Monitoring Services to Marine Activities "

IGOSS complements the marine meteorological monitoring activities
which WMO, . as part of WWW, has carried out for many years. In this
’global oceanic- observ1ng system, a varlety of physical parameters in the
atmosphere and in the top laeyers of the ocean are monltored and reported .
~ worldwide in real-time. The backbone of the system is the 7,500 merchant
ships and the 10 ocean weather stations mentioned above,

IGOSS Pilot Project o Marine Pollution (Petroleum) Monitoring

.This activity, undertsken by IOC and WMO with the cooperation of .
UNEP, is designed to initifste an internationally coordinated program foff
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marine pollution monitoring in selected ocean areas. The purpose‘of the

program is to acquire and.exchange comparable data, so that periodic

assessments can be made of the state and degree of contagination of the

marine environment by oil slicks, tar-balls and dissolved petroleum

- hydrocarbons. "
About 40 countries have agreed to participate in this pilot enter-

prise, most of them through nominated national coordinators. A meth-

odology for monitoring dissolved petroleum hydrocarbons in the upper

la&ers of the ocean has been developed and applied, but methods appro-

.priate for deep water still need to be developed. ‘A'first training

course for staff in participating laboratories was organized in Septem-

“~ber 1976+ Required equipment—has been provided to somelsboratories. - I

After two years of activity, it has been concluded that sufficient

interest exists to jJustify a two-year extension of the pilot activities.

By the end of 1977, a scientific data evaluation wiil be undertaken by a

subgroup of experth. Compgrison procedures are to be introduced and

additional countries are expected to participate in the next phase.
World Register of Rivers Dlscharging into the Oceans

A World Reglster of Rivers Discharging into the Oceans s.started ¥
by UNESCO in cogperation with UNEP in 1974, Information on the distance
of monitoring stations from the mouth, the dralnage ares and the average '
‘yearly water -discharge is being collected for 270 rivers which .meet one
of the following criteria:

(a) Water discharge of more than 10 km3/year;

(b) Drainage area of more- than 100 OQO km2

(¢) A population in the river basin’ exceedlng 2, 000 000 people.

At present, data are available from L9 countrlés for which a list of )
important rivers is prepared. The rivers currently included in the ‘
register contribute about 60 percent of the natural dissolved input into
the oceans by rivers. The first completed edition of the register ie
expected in 1977.

A second phase of the register, now being considered for cooperation
with UNEP, involves a large-scale water quality monitoring program to

.. estimate the pollutant discharge by rivers into the ocean. This exercise
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vonld focus on the largeet rivers'of the world plus some smaller rivers
which grain from highly polluted areas. In these rivers suspended sedi- ,
ment dnality should also be monitored in addition to various pollutants.

- Additional data on water qnality will be obtained through regional ac-
tivities, such as the_Coilaborative éﬂudy of Pollutants from Land-Based .
Sources in the Mediterranean. -

The register exercise is closely related to the activities of .and )
is gnided by a Joint Working Group on River Inputs to Ocean Systems (RIOS)
established by SCOR on behalf of the GIPME program of IOC and with
repreaentatives from SCOR, ACMRR ECOR, IARS and UNESCO. ¢

A Plan for Monitoring;Background Levels of Selected Pollutants in
Open Ocean: Waters

This plan has been developed by I0C, UNEP and WMO. The EXecutive
Committee of WMO and the Executive Council of IOC approved the concept,
and 8 reVise& draft of thé plan was submitted by UNEP to governments for
‘comments in December 1976.
| The long-term objectives are to organize observations in the open
ocean through multinational cooperatlon, in order to obtain information
about the long-term changes and trends in the background levels of the
more common pollutents in the ocean that (1) may endanger human health,
either directly othhrough harmful effect on living organisms, or (2)
influence the ethange of energy and matter between ocean and atmosphere.
,:The following pollutants are proposed for monitoring in open ocean water:
u“heavy petals (especially mercury and lead), halogenated hydrocarbons,
natural (biological) surface-active agents, and a limited program on
' petroleum hydrocarbons, to supplement the IGOSS Pilot Project. The
methodology will obviously draw heavily upon the experienee gained in the
regionsal and national activities mentioned above. The final plan with
c0mments of the governments will be submitted for approval of the governing
bodies of the particlpating organlzations in early 1977. If approved,
operations would start in early 1978.
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. . « Activity Group III

\

Monitoriqgiﬂatg;al Disasters

‘ Both in the. organization of appropriate systems to forecast and warn
of 'natural disasters and in the organization of relief work after the
'disaster,;the;acquisition and processing of a great deal of real-time data
are necesssry. Existing data sources must therefore be modified and
expanded in many parts of the developing world where the monitoring and

data collection system for these purposes is inadequate. Ongoing ac-

ftivities must focus elther on the establishment of real-time monitoring
'systems where they do not exist, or on the improvement of those which
are inadeduatef At present operational systeims exist for tropical cy-
clones and tsunamis. In addition, records of events are belng kept for
;earthquakes, floods, volcanic disasters and avalanches.n

Monitoring Tropical Cyclones

For more than ten years, WMO has coordinated activltles to predict
and mitigate the effects of troplcal cyclones by timely warnings. Vul-
nerabillity analysis is carried out'by means of studies of meteorological
and ofher relevant data for storms-which have occurred in the pest 1in the
area concerned. An adequate system, however, also requires monitoring and
real-time forecasting. Monitoring involves collecting data from the WWW
networks of surface and upper-air oﬁserving stations, lnterpretation of
satellité cloud pictures, and the use of weather radar observation and

haircraft reconnaigsance. Such basic Information is essential for fore-
- "casting the intensity of the cyclone, itsvdirection and speed of movement,
r'the strength of winds, etc.
WMO is concerned particularly w1th the improvement of these tech-
niques_which are now in use in various areas in the Far East.

International Tsunami Information Center’

Tﬁ“msunami Warning: System in the Pacific is operated?by the United
States National Weather Serv1ce, near Honolulu. The systgmﬂconsists of
seismological and tidal instruments 1n Hawail end around the. Pacific QOcean.

. On the basis of seismic evidenee; the Tsunami Warning Center issues
A statement which informs the pﬁblie,that an ocean-floor earthquake has

occurred, and where, and that the possibility of a tsunami exists.

7




When confirmation of an actual tsunami is received, the Tsunami
Warning Center issues a tsunami warning, alerting Mcsl warning systems
of the approach of a potentially destructive seismic sea wave and repeat-
ing tsunami times of arrival for all locations. ~

10C maintains an International Tsunami Information Center, which
works closely with the Warning Center in Honolulu, and which is respon-
sible for giving technical advice on the establishment of national warn-
ing systems and for evaluating their performance. An Interpational Co~
ordination Group for the Tsunami Warning System in the Pacific coordinates
the developmeﬂt of the monitoring system and maintains a data acquisition,
storage and retrieval system.

Forecasting,Floods

WMO carries out additional activities in which WWW data are applied.
The most important is related to hydrological forecasting of floods.
Through the Operational.Hydrological Program of WMO, advice is given to
countries with flood:prone areas for the establishment of the hydrologicél

monitoring-networks and data collection syétems that ére_necessary to
assist in forecasting floods.

Activity Group IV

// )

Research and Development in Environmental Monitoring

Monitoring ‘and Assessment Research Center;jMARC)
Under the auspices of ICSU/SCOPE a center was established at Chelsea

College in London in 1974 to research various aspects of environmental
monitoring; The work is carried out with the active support and coopera;
tion of UNEP and the Rockefellér Foundation. The activities of MARC
are grouped in four main subject- areas:

(a) Research requirements for monitoring and evaluation;

(b) Regional monitoring needs; .

(c) Approaches to monitoring via the dynamics of egvifonmental

processes (e.g., the dose commi tment éoncept evolved by the United Nations~..

Scientific Committee on the Effects of Atomic Radiation);

(d) Time ﬁerspecti}es of environmental change.

8 598
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The most importaht research area as far as GEMS is concerned is
(¢) above. ' The problems of the relationship between'poiluténts.in vari-
ous -melia, and the pathways of pollutants from one media to another,
need to be studied with appropriate modelling techniques. Because many
so-célled pollutants, such as heavy metals, occur as part df natural
geochemical cycles as well as by man's inputs, it is important to estébr'
lish the natural epvironmental variability Bf pollution lefels, inde-
pendent of human activities (activity (d) above). For this purpose, data
collected in years before appropriate monitoring Was, started are.being
analyzed.

Recently, MARC has taken up the problem of measuring a variety of
varlables in differentL:edia, e.g., air, water, biota, at the same monitor-

ing station (multipurpbse or integrated monitoring), and cooperation has

been established with WMO to investigate the possibility of organizing,sudh”'

monitoring at the WMO background air pollution stations. ’

’ Man and the Biosphere Program (UNESCO)
UNESCO is developing & collaborative project, MAB project No. 1L,

entitled "Pollutant Dynamics and Biotic Response in Ecosystems,” which

is concerned with monitoring the effec of pollution on the biosﬁﬁefg.
Participating scientific grbups will undertake.to folloﬁ agreed procedures
‘for a basic (minimum) program, with innovative research enéouraged atwa
more complex level. The two classes of pollgfants selected for study are
organochlorines and trace metals; the’sites wil; be-within MAB Biosphere
Reserves or at WMO baseline or regional stations. Emphasis will be put on
information exchange, cross-checking of ;;mples, and standardized pro-
cedures. '

Ocean Monitoring Methodology-

ICES has had long experience in standardizing oceanographic instru-
mentation,.in developing methods for monitoring fish stocks and training
6thers in their use, and in promoting cooperation between national labo-
ratories. In developing methods for pollution monitoring, ICES and IOC
have prepared guidelines for carrying out essential bageline studies.
Intercalibration, to permit comparability and Joint inferpretatiop, is a
basic ICES principle.

L9
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Appendix 1
WHO/UNEP AIR QUALITY MONITORING PROJECT; CURRENT NETWORK

3

4

50

60

2

: o * Number Comparison - Site
WHO ‘mn Country City Stations 1/ Stations'2/ Identification
African Region Kenya . Nairobi 2 Completed
' _ Nigeria i Lagos 2 Completed
Senegal Dakar 2. Completed
United Republic Douala or 2 In progreés
of Cameroon Yaounde :
Region of the ‘Brazil Sao Paulo 3 x ) In progress
Americas Rio de Janeiro 3 -~ - In progress
Canada Vancouver 3 A Completed
Toronto 3 X In progress
Montreal 3 In progress
To be ‘decided 3 “ *
T - 4 . - ‘7 *
, Chile Santiago- 3 X Complated
‘ Colombia Bogota 3 ) Completed
b " . Medellin 3 Completed
' Cali 3 . ) Cédmpleted
Cuba Havana 3 v, Completed
Mexico Mexico City 3 In progress
" Peru ~ Lima 3 X -Completed
United States New York 3 In progress
of America Chicago 3 X In progress
Los Angeles 3 I In progress
Houston 3 In progress
, St . Louis 3 Completed
Venezuela Caracas 3 Completed
Eastern Egypt Cairo -3 X Completed
Mediterranean :
. x
Region . Iran Teheran 3 , Cg?pleted
Iraq Baghdad 2 Completed
Israel Tel-Aviv 3 Completed
Pakistan Lahore 2 Completed
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WHO/UNEP ATR QUALITY MONITORING PROJECT: CURRENT NETWORK (cont.)

A ]
BY ' L - 3

¢
?

' Number Comparison Sité
try «— ‘ N '

WHO Regiq? , Countxy City .-~ Stations 1/ Stations 2/ -Identification
European Belgium Brussels 3 b4 Completed .. ;”
Reglon Czechoslovakia  Prague 4 4 Completed .

.Qpenmark Cqpenhagen. - -
German Leipzig N . -
Democratic C
Republic - N S
‘Germany, ' Fgankfurt 3 Completed 9 .
Federal Dusseldorf - - -
Republic of ! &
France Paris : - - K
Lyons ) - - N
Greece Athens { - - aa
Ireland Dublin g p s . o=
Italy Rome ! 3. - Completed =~ .° .
' Milan - : -
Morocco Casablanca -, -
Netherlands Amsterdam 3 Completed )
3 .
‘Norway Oslo -y : -
/ ’ Poland Warsaw B b'd -
Spain Madrid . Completed
Sweden Stockholm ¢ \ Completed
Turkey Ankara -
United Kingdom London ’ 3 " Completed i
Glasgow - -
USSR Mo&gow ' - K -
Leftingrad - -
Charkov - -
Sverdlovsk. - -
Yugoslavia 3 Completed -

Zagreb
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3 ‘EQZ?NEB"A'I'R' QUALITY MONTTORING PROJECT: CURRENT NETWORK (gont.)

Lo,

5 RS T _Number  * Comparisof . Site . ' -
WHO_‘}}"E“? 7y Cowntry -t Gty ;Btafions 1}/ Stations 2/ Identification”
. : ' T ‘ . CAATY ;i_‘_ » . T \
-South East India " Bombay - 3 .. Completed .
" Asis Reg;on o Calcutta 3 ‘.Completed
- New Delhi 3 Cpmpleted,
Indonesia DJaké;ta - SRR
) . .
Thailand Bangkok 2 Completed
o ¢
. Sri Lanka Colombo - -
: s B { . : 5.'.' i - / .
Western Australia’ Mélbourne .- . Ay 3 Completed
Pacific 3 e Sydney;;: ' - 3 Completed
: China Not decided ? ?
hJ ‘ &
Y Hong Kong .: " Hong Kong 3 ‘Completed
Japan & Tokyo 3 Completed
_ Osaka 3 - ¢ -’Completed
Malaysia Kuala Lumpur 2 Completed
New Zealand Auckland 3. Completed
Philippineg Manila 3. _Cbmpletedn
, Republic of =~ Seoul 3 'Completed
Korea ' : IR ‘
‘ Y e
. Singapore Sipgapore -3 Completedadégﬁ
. o v : BT !
“  Approximate ‘50 70 200
Totals
v'f\

;/ Three stations per city represents ongoing operation, 2 stations a new iqstallation,‘

1

g/ A comparison station is one where locally used methods for a given région will be
run simultaneously with WHO comparison methods (ses,WHO Manual on Selected Methods of
Measuring Air Pollutants). .
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oL '+ <" WMO/UNEP MONITORING OF BACKGROUND AER POLLUTION
, . o~ e J' . . . i . .

]

-

L o ' ... Y. List of“Stations . ¥
oo ks ° ‘ '

‘;-'(\\ - Y YR
. Number;of regional
WMO Region Country stations (located -
a . or est%blished)
5o

Number of .
baselide .statiogs
(planned or
estaplished) _*

"

'Rggipn I° ' Algeria ' - , ' T
(Africa) Egypt - | gy 4 |
Coa Kenyalf o -'7; ‘ T 1 (being studied) .
= Maiawi v . B ._f ; fe

.

3

. Nigeria . 1 et

et

Region II ~ Afghanistan 1
- (hsfe) .- India o 10

Traq [/

Japan f’\f‘" -

Pakistan |

Sri Lanka -
Thailand a0

USSR (Asia) R

W L W D

-

Region III Argentina
(South America:)‘  Brazil 3

'w. - Chile

¢ Colombia

1 (being studied)

Ecuado-

T Paragu: ‘

" Peru ‘ o

1 (being studied)

Venezuela .

4‘.-‘x ...... 53
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WMO/UNEP MONTTORING OF BACKGROUND AIR POLLUTION .
o , g List of Stations (cont.)
‘_'? ] !
' Number of

o L Number of regional
WMO Region Country .. stations (located
i o " ‘ or established)

[P —

baseline stations
{planned or
established)

< e

W L : L
[

" Regl 41v ' Barbados
\(ﬁ;yZh Américg) " Canada.
. _ ’ ; _ Ei Salvador
‘,. C ;L Guatemala

"y . . "Honduras

el o R -

Nicaragua

7o UsA . . 10 4

f; \va\ : .
Region V Australia:
(South Ea#t c .
7 I
- 5 Asia and the ndonesia

" Pacific) - = Malaysia ‘ /
. . Philippines (

~ ’ : .
Region VI | Austris '
(Eurgpe ). ‘

[

~ Belgium
o Bulgaria

[ V)

Czeéhoslovakia

Denmark (with ‘ c
_Greenland) ) :

=

‘Finland o 2
France 5 ; ’ ' .

_German Dem. o
Rep. 1

Germany, Fed.
Rep . of . »

Hﬁngary;_
Ireland
Israel

Italy

e T )




* WMO/UNEP MONITORING OF BACKGROUND AIR POLLUTION

. .' = . .
3 : List of Stations (cont.)
o & e Numbef of
Number of regional’
WMO ‘Region Country _ stations (located bﬁs?lixnzzazims
B} “» or established). eszablished)
‘Regidn VI ~ Jordan 1
o (Eurbpe) Netherlands q 1.
/ ‘ \/ Norway 2 ‘Tv

) Poland ,. . 1 \'

L . Portugal 3
' Romania 1 -

o, ) Spain : 1 1 (betng studied)
/ Sweden 3
A Switzerland 1 v b s i’.
.. I o Syria 1 ‘ . L
Turkey., - 1 B
N~ : Al “fr"“. i

. ‘ United Kingdom 1 R

S USSR ‘(Europe) 2 1
s Yugoslavia 3
v A

$ <
.
(‘A .
- iv'%
3
K L
e
Nss.
Q ' ' ‘ v
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" , ' Appendix 3 - T
- . " © . PARAMETERS TO BE MEASURED IN THE g
- R ] * GLOBAL WATER QUALITY SYSTEM. s
1. BASIC PARAMETERS - 7 ..
. LR I N
Parameger. .. : Rivers . Lekes +  Ground
— + . R waters
Temperature + + +
» pH . . ;“. . . |
- Conductivity g - + + +
‘Dissolved oxygen - '~ + ‘ +. +
~ Ammoniacal nitrogen e A +
_" Nitrate nitrogen + + +
~ Biological oxygen demand + 4 -
Permanganate value + + +
Chloride + + +
- Suspended matter. = ' 5 + T, ' -
"' Volatile suspended matter : A L + +
C MkeMmity o0 L Tt . .
Total hardness A - - - +
" Piuoride ' - - +
. : N £ . ) ’
Phosphate ' - \ + -
' Chlorophyll & . o + + -
\ ;‘aee&L coli + + ,_+
" Ecological survey k : + + -
(ertificial substrate) ’
.. ’’ )
A




. II. PARAMETERS OF GLOBAL SIGNIFICANCE
Parameter
Cadmium - . o ﬁ:“
Mercury ' ‘b ‘
.Organchalogens v
Organotins = - o
Mineral oil .

III. OPTIONAIL PARAMETERS

* ' 7 Parameter o ‘

e .

«. ., Total organic carbon.:
Chemical oxygen demand

Methylene blue active substances
(anjonic detergents)

Chromiuym

Nickel L

Lead:

Zinc s )
. Coppgr . :

Arsenic - ' ) :
. .Sodium o A o v .

Cyanide

o Total oil

_frff* Q,Fgeéaljstreptococii'

R

'57‘ 6;»7




" ACMRR ',

BN

1

BOSEX

' CINECA

DDE and
TDE

L
LE

DOt

ECE

" ECOR

EMASAR
EPA

ESCAP

FAO |
FGGE
GARP
GFCM

GIPME

_ 'HOMS

IAPSO

IARC

IARS

ICES *

-« ICNAF

-IC81

ICSU

Dichloro-diphenyl—tribhloroethane o ’ . -

-General Fisheries Council for the Medlterranean (FAO)

'tGlobal Investigation of Pollution in the Marine Environment ‘:?,.”gi g?a

" International Atomic Energy<Agency

LIST OF ABBREVIATIONS

P 1
v

Advisory Committee of Experts on Mafine,Resoﬁrces Resgearch (EAO)

Baltic’ Open Sea Experiment

Cooperative Investigation of the Northern Part of the Eastern
Central Atlantic e ) ., .
Analogues of DDT

. - TN
ot NI}

e N R

a Economic Commission for Europe (United Nations)

Engineering Committee on Oceanic Resohrce%-
= 'f’.
Ecological Management oﬁ Arid ‘and Semi~Aréd Rangelands (FAO)

Enggronmental Protectlon Agency of the United States of America

Economic and Social Commlssion for Asia and the Pacific f PR
(United Nations) N _ T

Food and Agriculture Orgénisation of the United Nations- -
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) o LEAD MONITORING INMFINLAND
“ : Lo R
Sven Hernberg, M.D.,
Institute of .Occupational Health, Finland L om

A description of Finland's program to measure the
exposure of its citizens to dangerous ldwels of
lead in the environment and to develop a rational

public policy based on the monitoring results.

’

& '-\
A

: Early effects of lead exposure ‘have been the subject of research 1n
the Institute of Occupational Health for more than ten years. Exposure

) leyels formerly thought to be quite safe were gradually shown to cause &
hematological and neurological dysfunctlons. Dose—response re?&tlon—
ships, using the concentration of lead in blood as the indicator of dose, =

‘ “have een established for some of these effects This knowledge, together

& with Zm

the folloW1ng questlons o

q
a) What is the exposure level of the general population

e general concern over the lead problem in the early 1970's raised
#

in Finland?

~

b) What mdditional exposures are associated with partic->

ular occupatlons, and where does there exist a definite
— '

risk of poisoning? .
¢) What effects Fan be expected at the prevailing exposure
levels, and what are their probabl. irequencies in dif-
ferent settings? T '
d) What admig%strative measures ire warranted to reduce
exposure ahd to ensure regul: monitoming of populations
with exce551ve exposure? '
Ip order to answer these questlons, ?chunk" samples -~ populations from
’ selected areas -~ were drayn frem the general population and representative..
statlstlcal samples were selected from varldﬁ%‘occupatlonal groups. 1In 4ll,

.
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neariy 1,400 people representing the geéneral population and about 2,200
.industrial workers were studied. The general population includeq in-
habitants of an industrial area with heavyblead population, street Sneep-
ers’, tra‘fic policemen, and downtown, suburban and rural residents. The
workers came from 30 different industries.

- The concentratiqp of lead in whole blood (Pb-B) was chosen as the
main indicator; since there is general agreement that th%s variable besi
reflecps concurrent exposure. In addition, the activityjof erythrocyte
delto—aminolevulinic acid dehydratase (ALA-D) was measured in most sub-
Jects; the concentration of ALA in urine was also'measured from the in-

r dystrial workers. Lead-in-air measurements were‘available from downtown

" and» suburban locations in Helsinki, and from one rural"sqmpling site. 1In
’ addit&on,‘an ad hoc dietary study was carried out in one of the rural
locationé by meaSuring the daiiy lead intake from food and bLeverages during
three days cusing a double—portion technlque

Since wé kneﬁ t%at bl@@d 1€nad measurements &%F vulnerable to serious

¥
methodolograal errors(,careful controls were applfed ‘from the very be-

g&nnlpgﬁy Precxbron was checked by analyz1ng all samples in duplicate. In
~.jpand%1tlon dqplfcates were regularly 1nterm1xed with the Samples without the
i know}é&%e of the labordtory personnel. The analytlcal error ranged between /
,»;1 T and 2. q; g/lOO ml. The blind samples had a’slightly‘higher error, about,
"O 5 pg/lOO ml Accuracy was continuously checked with samples to which a
known amount of lead had been added. The repeatahility of the method was
one aliquot .and analvzing i+ a few manths 1atert
Both the accuracy and the repeatability were satisfactory, with errors of
only a few ug's.

In addition, we took part in several interlaboratory comparison broﬁét
gramsf 'In general, the results werebquite satisfactory. If there was ény
systematic trend towards differences, our method gave results sligh;lﬁ on

I the nigh side. o
ro From the organizat i mal point of view there were few problems. There
were some nonrespondent:; the general population, but there was noAreason
to believe that this phenomenon introduced any bias, since people generally
know very little of their exposure to lead. Other problems were caused
B o ‘
Ao ’
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by the fact that minor occupational exposure to lead is .very common;
and a thorough occupational history in connection with the sampling
often resulted in the exclusion of the subject from the "normal" popu-
Jlation because of such ekp0sure.

The occupaional survey experienced one major organizational problem.
The available registers of workers were incomplete and partly outdated.
The coverage of small enterprises was especially poor. Very few, if any,
employers protested against having their workers examined, although some
refused to believe that their workplace had any lead exposure. After we
had explained that even minor exposure was of 1nterest the argument was

usually settled.

e

From the results of our examinations, it became evident that the ex- 1 ﬁgg

tr1es.and that practically no differences existed between the urban &
rl..l populatiOns. The only excer!irns were those people living in'anﬁfﬁ: .
industrially polluted district, wnu even there no hazardous individual }
levels were found. We concluded that under the conditions, prevailing in,
Finland, very little could be gained by reducing the lead content of
gasoline., ’ ) " : N ‘ .

By contrast there weve strong indications in favor of actlon to .
reduce 1ndustr1al lead emissions. The occupatiopal survey gave a fairly
good picture of the exposure levels in the industrjes studied. The
"classical" lead 1ndustr1es topped the 1list, but high 1nd1vidual values _
were occasionally séﬁn even in occupations where no exposure to lead wasirﬂv
thought to occur. wg estimated from this study that about 1,000 workers
have a risk of contracting overt poisoning at any given time (about 50'cases'v
are actually reported per year), and that about 20,000 workers.or 1 percent
of the country's labor force, have PbB's in excess of hO‘yg/lOO ml at any
given time. Since our most recent results have shown indications of slight

neuropathy even in workers whose. PbB's have nevel exceeded )O‘pg/lOO ml,

there is a definite need for regular monitoring all workers occupied in

BEN
T
4

ead workers in Finland have had compulsory medhﬁh} examinations since

vucond»-!ons where the1r PbB can exceed 40 yg/lOO ml., - N NERLIES

Y

1962. . Their coverage has been rather poor, but some improvement has occurred

it
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-

~during recent years. The Institute performed 6,000 PbB analyses in 197k,
8,000 in 1975, and 12,000 in 1976. These figures show. that many workers

needing .monitoring are- not cdvered by the present system.
In the sphere of public health, the most important administrative

mquure was ‘reduction of industrial emissions. The authorities reacted

~quickly ahd the emissions were reduced drastically. In our opinion, there »

was no need for reducing the lead content of, gasollne, and no measures have
been taken so far.

The occupational survey previded'detailed data on the need for moni-
toring ig various situatdons It also pinpointed. the situations where tech-
nical improvements and other measures to reduce exposure were espec1ally
warranted. However, in spite of repeated promptings, the National Board of
Labor Protection has done nothing at all to correct the situation so far.

With hindsight, the monitoring program appears to have been quite,
adequate. Fewer samples would have given less reliable information;

Y
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MONITORING RANGELAND RESOURCES IN KENYA

o coe L David Western
' ' New York Zoological Soc1ety
) o : }University‘of Nairobi

‘Harvey Croze
UNDP/FAO Wildlife Management Project, Kenya

»

A,case stody of monitoriné program in the Amboselieﬁ'
National Park area'of Southern Kenya. Beginning in’

. 1976, the mon1toring program was intended to provide
basellne data as a bas1s for ratlohal land use piannlng
in an ecologlcally fraglle,area in trans1tlon to more};

intens1ve yuman use.

Introduction ‘ *

s The areg w1th which our case study ;s.concerned is Ilkisongo, a
subsection of Maasailand 1nanstern KaP ado Blstrlct Southern Kenya. The
area routinely monitored covers 8,500 square km (kme) of semi-arid range-
land, bordered on the south and north by agricultural regions with higher
rainfall. Our interest centers on Amboseli National Park and the pastoral
negions which fall within the Ambose11 ecosystem but the agricultural

regions are included in our purview.

peoples In Amboseli the Maasai have subsisted on a trad1t10na1 livestock )
economy untll the last'two or three decades. Until recently, little was
kqown of'thelr movement patterns, and their mode of subsistence pastoralism
was understood in no more than anecdotal fashion. In recent years it)was
evident that their economy was changing, but it was unclear whether the ap-
parent increasing dissonance among the various elements was dﬁe to chdnging -
climate, human population or overgrazing by livestock. The.prob}em was, inﬁ
,other words, similar to that in the Sahel. There was no baseline information
koﬂgpuman and livestock numbers, their movements and the changing patterns

}over‘time. There was no data on primary production or the availability of
R
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‘water resources. Without such information it was impossible to ansver

the most basie questions about the state af pastoral ebonomiésggr o

9" b
environments.‘%h / e .
Pastoralism has been compatible w

with the use of rnngelands by

; wildlife, at deast when extensive areas are avallaale. Tnp worldwide

attention given to East African wildlife in regent years hes led\to

_efforts to conserve the major wildlife ecosystemc In addi+ion, wild-

1ife has become a primary source of revenue, part. ularly ir Kenya.
However, even less information existed on wildlife eﬁﬂlogy nd resources
t?ggfon"gastbral economies.  National parks throughout kast Africa
hawgéalﬁost invariably hgen established withdut: such information. The
park boﬁndaries héve‘ﬁyéduently had little rélevance to how the animals
used the area. The absence of data has furthermore precluded cost-ef-
fectiveness studies in deciding how to allocate land between pastoral

and wildlife uses,

Specific Objectives and Monitoring Aims

Monitoring was started in Amboseli in 1967 and extended in 1973 to
cover the entire Ilkisongo area.li The objectives,wére to provide base-
line data on which land use planﬁing could be based, and to provide data
for studies on the ecological dyﬁamics of pastoral and wildlife popula~
tions.

Monitoring of the type we describe here is of both immediate and

‘long-term value. We therefore stress both at this stage and will return

to elaborate on the long-term significance. Inductive or descriptive ob-
Jectives are attainable in the short-term with little effort; deductive or
predictive objectives require long-term sampling at greater cost.

Inductive or Descriptive

Each sample of Fhe ecosystem presents a density distribution map of
each species under study, including humans and livestock. Primary reé-
sources on which animals depend are mapped at the same time. Each sample
thus gives &an instantaneoys occupance map of each species in relation to
others and in ;élation to various resources. Sequential samples give some

?
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insights into patterns of occupance, patterns of animal and resource as-
gsociation, and seasonal patterns as well as those changing more gradually
through time. p '

This initial description is fundamental to both plannlng and 1ater

detailed studies into causality. From the time-sequence maps occupance data

can be used to map units of land into regions, the basis of land use planning.

All too often, as happened in Amboseli, land allocation is politically neces-

sary before a functional understanding of the pattern of land use is attained.

In such cases recognition of the pattern, and planning on that limited basis,
can be accomplished quickly.

Deductive or Predictive _ /

Ultimately the most effective planning is based on predictive science.
Knowing the causes of patterns enables allowance to be made for future events
not measured in the short term and for the knowledge to be applied elsewhere.

The sequential sampling in Amboseli is used to define regions. Each
region is tﬁen studied in‘greater detail by sampling representative units.

By such a "nested' sampling design hypotheses are constructed on the causes

of patterns. Exﬁeriments can then be designed specifically to test these

hypotheses. For example various species, including cattle, appear to. have  _1

a limited range from water. The hypothesis that #heir range is limitéd/}
bﬂ&%&ter can then be tested experimentally ang the outcome can provide a

powerful predictive tool for range management.l

Methods ~
The specific design of the Amboseli monitoring scheme is based on
methods described elsewhere and now commonly in use in Bast Africa. 2,3,4,5,6.
The entire 8,500 kﬁ2ls overlaid by 5 km coordinates, giving cells of
25 km each. Every 6 to 8 weeks a 10 percent sample of Ilkisongo 'is flown
by a series of North-South transects through the center of each tier of
grids. The aircraft, a high wing Cessna, carries L personnel: a pilot- *
navigator, two animal recorders seated in the rear, and an environmental
observer in the co-pilot seat. The recorders count all animals falling
between streamers attached to the wing strut which with the heighi of the

aircraft held constant at 90m by reference to a radar altimeter, defines

0.
'
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300m wide strip on the gfbund. A precise sample can therefore be counted;
photography and‘tape recorders aid in accurate counting.

The envifoﬁmental observer records the condition of vegetatiog and
other'variableS'both by visual observapions (calibrated against ground
truth plots) and spectrophotometry ‘A1l data 1s subsequently recorded on
computer forms and the data plotted as maps on line-printer output. Popu-
A lation" estlmates are also mapped.

‘Ground observations have periodically been used in various areas when
'-greater»reso;ution has been needed. A particular area in which people and
animals concentfate during the dry season has been the\subject of 25 pércent
ground sample each mon’th.h This procedure has provided considerably greater
resolution on animal distributions in relation to resources, though no better

estimate of most' animal populations than is provided by aerial methods.8

ﬁg Using data from the large scale counts, regional units have been con-
structed and small- sca}é sampllng plots established w1th representative areas
of each. A sampling plot is 300m2 and each month stand{iz crop estimates are

>

'made based on height and cover-measurements. Samples. are taken for protein

and'fiber determination from which digestive coefficients of the pasture

s \

can be"cal'culated,7 as well as water content. ‘ rpff
T;o sets of ERTS satellite imagery have provided a baéis for com-
parison with Hoth aeriél and ground information. The results suggest that
,'the imagery provides data compatlble with estimates of green blomass of

. vegetation.

Results and/Applications

A fey exgmples of the results relevant to planning are given for later
.discussion purposes.

From density distributions it was possible to evaluate the following:

a) ‘the range of each species and species assoc1at1dqﬁ, ‘\
b) differences in occupance data of livestock and w&idlife, ‘
c) areas of maximum wildlife usage;

d) areas of maximum livestock usage;

e) the distributien of each species in relation to.gff;

permanent water and green forage. ' —
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These datatwere used to &eflne the boundarles of a natlonal Qark which

P vs

gaVe maximum conservatlon effectlveness at minimum cost to livestock It

had earlier been showrr that net revenues were greater from tourlsm than
9,

vy

£ty

.

ngﬁﬁ livestock sales over this unit of land. The results from the live-

stock censuses were employed 1n3@stab11sh1ng the optlmum size for ranches
“in the area, allow1ng flex1b111ty of seasonal movement, 11

The allocatlon of land in terms of wildlife and livestock interests
was the main eutcome of the monltorlng program. However, management ef-
forts are necessary to integrate what are fast becoming conflicting forms
of land use - ranching and conservatlen:' Suggestlons on management’ measures
hHave been outlined in detail elsewhere.lo Wildlife could still leave the

national park and utilize the adjacent ranches, but at 'a cost to the ranchers.

This "opportunity-cost" has been calculated from occupance maps of the

total wildlife biomass, translated in its livestock equivalents and the market .

value.calculated.lo; It has been recommended that the ranchers be paid a .

cdnfesponding comnensation fee from park revenues. Such provisions are now
possible within the new wildlife act and should soon be implemebted in
Amboseli. '

Monitoring data has also been put to use within the national park.
Amboseli is puffering congestion from tdurists, but largely because of eon-
centrated uge around the visitor lodges rather than anselnte over-use. A
mere 10 perdent of the park receives 80 percent of all visitor usé, not
because animals are localized, but because the roads do not disperse fourists
over the available area. From monitoring information, it has been possible
to define circuits within the park that disperse visitors in patterns closer
to the patterns of animal occupance.12 This means that for a éiven level
of visitor-visitor disturbance, numbers and revenues can be maximized, an
important reason for tourist planning in a developing nation. !

The final example of application arises from data gathered over a .
longer time span. Together with a few isolated counts prior to 1967, con-
tinual moniton;ng has done much to record the changing human livestock
economw.13 ‘fné}ially, increases in subsistence wealth resulted from water

development; water scarcity had greatly limited livestock productivity in

O : IS
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the area. Recently, declining rainfall has accelerated a declining | .

livestock-human ratio, which predictably will fall progressively in time.

o

¥

Discussion : ?
Stating the Problem

The aﬁproach to monitoring used here is widely used ‘throughout East
Africa &ndthas become a basic tbolvin rangeland surveys'.3 In the first
-instance the obJjective of the surveys is usually to provide an‘inventqry
of resources ;athér than to resolve a specific problem.  In livestock de-
velopment programs a similar first objective is common. How many animals
are there? ‘How are they distrvibuted‘thf;)ughout the area? How do the
va;ious species use the area in a séasonallbasis? What whter and pasture
resburces are there and how do these change seasonally? '

Similar broad queétioné wvere asked at the ohset of monitoring in
» . Amboseli. Inevitably tﬁe questions became more specific with time, and as
;ore interegp was shown byt government. For example, with the establishment
of group ranches it was infended that the pastoral Maasal would abandon
nomadggﬁ and develop commericial ‘ranches. This has failed to happen and
the more difficult question‘pf %ﬁ& has to be addressed. Data from routine
monitbning:flights has served a useful role in showing that in most cases
the confihued‘nomadism stems }rom inadequate resotrces on*the group

ranchés.13

]

Efficiency of Mohitéring

In the nase nf Amhnaeld r-ngt—éf‘f‘pntw‘vnnpgg tesfs ware conducted early
in the study. Initially counts were, carried out twice a month but were
later reduCeditoﬁgnce a month. .The level of sampling was reduced from
25 percent to iO'percent after three years once the main patterns had
>emerged. Counts wiil soon be reduced from 6 to U4 per year and only in-
creased again if major changas are detected in seasonal‘patterns of usé.

N

The initial three years .o

ground work greatly oversampled vegeta-

tion and the level has’been.p@duced by using permanent sample sites rather

N \"l. ."1
than randomized samples on each occasion.
Without doubt the nested monitoring system is an efficient design

for rangeland surveys since the level of resolution needed can be Judged

- e’
o

Q : C
ERIC 79

Aruitoxt provided by Eic:



. ,';f from the sampling hlerarchy The technolo inYoiﬁed i§5e¥tremely simple
and repeatable and is applaed in various pro '~'--",\eastern and southern ’
_Afrlca The return from such > two
levels; the‘short a losg‘?fl
1mmed1ate valde for plann1ng
it prOV1%es an assessment\of-hé' ."Vf rde re. éhging and gives some clues

as to causality. The method is' o : low : hniqué for: : &
PR N 1L . L
prOV1d1ng a ﬁprvelllance of llvestock in rangeland areas. S

. g ‘
rOrgenlzatlonal Aspécts‘,ﬁ

In Ambosell the Ilklsongo monltorlng project has-been conducted by
independent researchers sponsored by research grants. Fortunately adequate ’
funding has been available to run an efficient project. . Elsewhere projects .
such as United Nations programs in Kenya and B?tswana and government efforts
in Kenya, are run by ongoing institutions. The iatter are of greater
‘interest organlzatlonally because most larée-scaleﬁmonltorlng 1s llkely to
be an institutional effort. '

The equipment is cheap and the methodologies simple, making the tech-
nique accessible to even small government research units. However: equipment
is e least of-the problems. Personnel have to'be trained fo 8, high de~
grezg%f compef@%ce as observers and in many cases organlzatlons seem re-

luctant to underfxfe fhe thorough prefllght 1nstruct10ns arnd callbratlons

-~

that are neces )ary (Consequently the quallty of observers,@&s bef”

grams ‘are availabtle. However, what use is made of the data? is on t
interpretive side that the larygest wtumbllng Wlock is encountere becauge
there are so few personnel trained in expldlt1np the results for future
predictive and planning purpoces

Most organizations have failed to distingu%sh between the technological
and personnelT%spects. The technological aspects are-trahsferable, repeat-
able, and relatﬁvely routine. New methodologies can promptly be made avail-
able. By contrést, it takes far more time and effort to train suitable per-

sonnel, and most international agencies have neglected this aspect. EXperts

[CHEENSYY
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E - are brought in to establlsh the program, evaluate thegresults, produce
‘ - recommendations and leave. ' Continuity is~1mposslble..'-;
More effort must be devoted to tra1n1ng teams }p anadequatestandard.‘~
'The observers can be efficiently tra1ned by methods currently used by the
. Kenya Rangeland Ecological Monitoring Ugit (KREMU) There each observer
is trained to a measurable level of proficY%ncy But, more important is
the need for 1nterpret1ve personnel .and planners An external agency can
establish a monitoring program, but who''is to evaluate the results for,
future planning purposes? Such skills are rarely left. behind. If monltorlng
is to be useful in deve10ping countries, we’ suggest that more effort be
devoted to tralning interpreters and planners- . - ’ N
Institutlons such as MARC could play a further role. by assembllng
a Variety of techniques and analytical procedures and 1nvestigat1ng ways of
inproving them by, for example, the development of'slmpllfied and quantlta— ,
tive measuriﬁg techniques and suitable coﬁputer_and analytical techniques. »
Such services would’hasten-the quantification, and hence the ,accuracy,

of monitoring rangeland resources.

(-]
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. | THE MUSSEL WATCH ° : .

, §dvard Goldberg o . f;..fl,
o ' Scripps Institution of Oceanography _ L

. ;3 Dot o
A description of the use of mussels as "gentinel" organ-
isms - non-human animals that can be used to measure the

.l&vels in the'environment of pollutants dangerous to human‘s.'f
A S o

vt . 3
D 4
4 ! - . - -

w'-

»

. B In 1933.the geripps Institution of Oceanography, with the: support of ’

- the Envi d%al Protection Agency, initiated a modest monitoring program
of coas waters of the United States, utilizing mussels and other bivalves

- as sestinel organisms. Other laboratories pé#rticipating in this vepture .
included the Woogf H6le Oceanographic Institgtion, the University of Texj??; i

- the University of Calito i

a at Berkeley, and the Moss Landing Laboratory.

~ second 3épr program is t:beginning,* _" . Qa’
‘A variety of some major concerns, some social and some sclentific, are
" involved in the formulation of national or internationmi marine monitoring
. programs. First of all, there is the identification of those pollutants
that jeopardize human health through consumption,or,exposure, that endanger
the well-being of marine organisms gr'their communities; or that cause the |
‘ loss of beaches, h\ﬁbgrs and .estuaries for. recreational asthetic or.com-
mercial uses. Four groups of pollutants ‘have receiVed the attention of
’envgrbnmental marine chemists. . petroleum; artificial radionuclides produced

in the nuclear fuel cycle and in weapons testing, heavy metals such as

‘Memercury, 1ead, cadmium z1no, and the halogenated hydrocarbons (both
those with high molechlar weights, such as the pesticides. DDT and aldrin
and the polychlorinated biphenyls (PCBs) and those with low molecular v

g

weights such as’ perchlorethylene, carbon tetracﬁloride and the chloro-
fluorotethanes). '," ’ ’

' The next concern is to measure the concentrations of these organisms
in a spe&ific‘environment. Although we are primarily interested in. the

~ levels in seawater the measurement of some of these pollutants in seawater

13 R . e




) ﬁr;;: "‘,g—, »‘ . [
ts extremely difficult For example, there are probably not more thanwa
3
dozen laboratories in the morld that can competently measure the high—
molecular-weight halocarbons, petroleum, and such, artificially producéd
& radipnuclides as plutonium and alericium. The concentrations are. extremely e

,)Ax. &
low&and demand exacting collection and preparation to avoid contaminatlon.'

.z!
$0! addit;on the 1hstrumentat10n necessary to cabrry oﬁt the analyses is

"'oth expensive and difficult to operate properly. These facto?! have
directed marine scientlsts to the use of sentinel organisms, marine-creatures

that fave the marked ability to concentrate from seawater the pollutants of
concern. .

Probably the most studied of marine organisms with respect to pollutant
accumuldtlon is the mussel Mytilus sp. %t has*élready been used in a Ef
reglonal monitorlng program sponsored by\the OECD for studies of DDT levels
in waters off Canad& Denmark Finland, Ngtherlands, Norway , Spain Portugal

V Sweden the United Kingdom and the United States. It appeags valuable as a;
:sentlnel for hydrocarbon pollution. It rapidly takes up bgggﬁsaturates and‘;

aromatics and storés them with little metabolic breakdown. Mytilus edulis

rapidly responds to the total hydrocarbonpburden of its environment through -
‘upteke in its tissues and also rapidly releases such pollutants upon
exposure to clean waters. It is known to concentrate heavy metals, includ-
.« 1ng‘fhe radloactlve nuclides such as’'zinc- 65 and cobalt-&0. Plutonium
‘\~exposure levels appear to be recorded in both the shell and in the ‘soft
parts. The transuranic americium is markedly enrmched in musiﬁls compared
to plutonium. Thus,.the mussel caﬁ‘be used to monltor many cf the sub- -
. stances cited in the four groups of pollutants so far 1dentified.
. ' Mytllus edulls, a well stud1ed spec1:i;é{ idely ranging in Ehex

northernégemlsphere and it may be possibl

introduce it to places where:
it does not already occur (though such an 1ntroduct10n would .have to be™
considered with care in adVance) Transplantation to'greas where the \
organism 1s not 1nd1genous bﬁ§§h§§£¢carr1ed out in Jan Franc1sco Bay and off
the coast of Southern Californiaf/\mhe ‘organi m/{nhibits bays and. sheltered
coastal areas, and can serve t%Brecord envir ental levels in such loca11—~

ties. It 1s a fllter feede7/andN\ts\r1§cera are compact and eas1ly separable
from the shell
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sentinels are the goose barn } p!g) Unlikemthe mussel

‘1

; %’oivrtiés canb

A ¥ j
oceanic species, easily caught*in neuston nets. Although the 20- or 30-odd

species that make up the genus are sometimes difficult to’ entify, the oy

species inhab'lting any one region should be relatively unchanging with time
The goose, barnacle is quite cosmopolita.n found in nearly all coastal waters.’
Less work has been carried out,pn its body burden of" pollutants than for -
the mussel Mytilus, yet it is now attracting incréased attentlon as B
sentinel organism. - ¥, ~ p
‘How does one identlfyg‘the laboratories capa.ble*of making rell.able " s
a.nalﬁes? “Clearly, this must be accompl‘ished by a peer group of sclentists
But&:‘Hl additior@ hezﬁaboratorles 1nvolved in carrying outv the analyses

st bé’ i cons"

C

mmunlcatlon through intercalibration exercises. --Such

rried out by the analysis of standard samples or through

AR

. the ,,gna.lys1s of difrfy‘erent splits from the same sample. Such, exercises must

be carri?d o\it at intervals ‘over the surveillance perlod in' order to ensure

compatibil @ results between laboratories

In additlon there are some p?oblems asspciated with collectlon. For '
the work in the u's. , the-mussels af# be1ng collected by a smgle scientist
whoﬂis travellng t'ﬁe coasts of the Un1ted States"in a mobil-laborat: '

Thus collectloﬁ procedures will' be uniform: the ofg"‘a.nlslhs will ‘be, 0

si%mllar siz=, the sexual stages will be 1dent1f1ed and other charac er-

U isgics that mlght affect the pollutant upﬂ@ or ‘body b\frdgns will be
e

- sought.. Ir addition, the collector must

-4

or aebout 5 kilograms of mussels, are necie'és .

~should be maintained Thus around two-s;nd-— L

ndanger the surv1val of the

-
exist lnp populatlon & Rather substantiql quaﬁtlties of musf&e&s,_are requ1red
fof\the analyses of these four sets of pollut For the artlflcial

{
radlonuclgﬁa, 400 grams of soft tis Qme’ are requlred for the halo@&rgzted \

" hydrocarbons) 500 gramg\ for petr\:le l/< 000 gnams, and for the heag'y
¥
metals, 100 grams. If addition, a library

dble of around 500-1000 grams
1f kllograms of soft t1ssue,

w,;g_«_'.,
I certa1n area,s Of sparse

" mussel populatlons, the removal of f;ve*kllograms m1ght be ﬁwise

4

For the U.S. sampllng program, the follow1ng guidellnes ing used.
Compos_it/& samples K] mussels from about ten locatlonm each area\a
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: e ana.lyﬁes :t‘rom oth ~ areas, both are collected for assay to a.scertaln spe01es
dlffefentiation#n pollutant uptake and bodﬁlevels The locatlonsxof the

,sampung sites aw ba.sed on accessﬂ)illty reasonable geographical

EeonMI%copsi’Eratlon& determine how many sa.mpllﬁg sites can be
op&raﬁed in a year. Our preliminaty a.naly’tical costs ere: petroleum
hydrocﬁlr’oons, $860 sper ‘gb.mple, artificial rad’fonuclides,& $300 per sample,
’chlorlflated hydrocarbdns, $100 per ‘sample; -and heavy metals, $1#0 per ‘sample.
Tbus, &nalytlcal cost# total about $1,300 per sample. Collectlen costs will
‘proba,ﬂply be of, th‘ same 6rder of magnltude or a little less. Collectlon and
.ana.:{}ftlca.l costs mll probably be of the order of $2, 500 per sa.mple For
one thQusand}'sa.mples on a.*slobal ba51s the mussel/barnacle watc\p would
~‘q,n\r<>;ve $2,500,000. e R ) .

ories and *Ehe mos’s competent

Haoy does one &j‘}ﬁﬂgz}ve the best lg}q

. A

'1501er1tlsts 1r1 such” pné'grams? The key,ig‘w.let the;{ designated sc1entists

propose the stra+e@i&s bt Survel,llan v e 4%he anglysis- of the data,

and i'lterpret the re-alfs to’ those A' : 3 j,,-,_r- envn{&mental management .
‘Q"'{‘é‘c’lé&tlon of invplvement in a’
ubstarltlal, undertaklng, but also tle strong §possﬂ)ill~ty that - the@ own dfa N
rases¥ch wblls,be expande& through é.gmclltlonal studles a.nd facllltles and

. ‘thl‘oygh cooperathe yentu_res wlth oth‘er part1c1pantsgn the pro,ject

° For the Sclen‘tlsts thé’rn is not only

vy ,L\h?ll}’, what “dre the values of the mussel,watch? F‘or a’ glvé?l ocean s
areas “here will be tvends in the pollutant concentra.tlgn,s ove’r the sa.mpllng
perlod, probably b&)llngs will be done yea.rj"_‘?'s~ In addltlon, it mam

- pqss}ble to predlct future pollutant levels in tge waters with the '

owledge '
of pfesent,day dispersion of the pollutant and est:Lmates of future emis- ‘?"

=

siong+ Withoud such information, the management of pollutants cont '1nat—'

-

ing 00ea,n waters becomes. 1nord1nately difficult, 1f not’ imposslble
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-!'Stratospher:lc ozone measurements agke made regularly :lr( o ' " .

' .number of countries. These national activiti:es are co-“"‘
ordinated by - the World Meteorolog:lc'hl Orga.n:lzat:lon (WMOY&'
which arranges for 1nterca.lib1(:o.tion of 1nstrﬁments and '
.decides on™methods - of q
pubnshed on behalf Of W

' ment Service, Downsview, On¥h

In this paper the h:lsto”

y control.~ The data are -
the Atmospher:lc Ebviron-

; discus%ed .o o '

. . - .
~-H:lstor:lcal Perspectlve ; R . .

The ea.rly history . .of the ‘ozone network has been d.escribed by Dobson -

(1968). “As eerly as 1880 Hartlex s,uggestgd that atmospheric ozone was

‘ absorbing u_ltraviolet sunlight. However the first accurate ground—'based .
measurements of total ozone were not lhade until 1920 vhen Fabry a.nd Buisson

"determlned tl’ﬁ; a.mount oi‘ ozone over Mal’ﬁe:ll,fé u'ing a spectrograph:lc :
methol. F‘urt(&xer measurements werq’made by Qobson &t Oxford, Engla.nd on’

r 1921& and a@gln in February-December- 192‘5-" :

The o'bservatlons showed an, ual cyecle, with highest values 1n the spring

’I’he reasdn for this behavior fwas notg(?mown, but trhere ws.s 80 much interest
'1n the projeqt thabﬁ) with the\ help of the Royal Society, a Eurgp/ea.n network
"was egk blisl’{ed in July 1926 (Oxford Englend; Valencia’, Ireland; Lerwick,
A'b:lsco, Sweden, L:lnden'berg, Germany, Arosa, Switzerla.nd) " A1~ /
stat:lons: ‘were supplled with photographlc plates,’ whlcrf) were maiied back,to
/Oxford aft,er exposure. By the end of 1375 f tha.n 5?00 observations -
‘had.been made. /{n 928, four of the instrume &e mnd in an effort to .
determine\g‘};gbal pat‘berns

e - .
. T
. . .
A N
- . -~
_ . . o

rom the T‘ollowing network:

- . N .' ’-"_ .
World Ozone Net-’*}' P 'f_
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‘Arosa, Switzerland; Table Mountain, California; Helwsn Egypt; Kodaikanal,
India;, Christchurch, New Zealend. The-1928-1929 data estsblished the six-
month difference in phage between the two hemispheres, as well as the ' C e
latitudina.l gradie 1 o;
distance from th£§1uator)

' The prototype of the, moderh ozone spectrophotometer was built in
England- in 1929. For the first time, the ozope amount could be calculated
in situ without the delay aSSOcisted with mailing photographic plates to
Oxford. About 110 of theée‘"D:Zson" instruments were manufactured in the

ozone (ozone values increase with increasing

next few years, and most of thehm are still in service.

In 1929, Gotz realized that from measurenents of total ozone at two’
wgvelengths and at several sun elevatiorns on a clear.day, it was possible to
Anfer the average he}ght of the ozone layerfand to provide a general indica-
tiOn‘of‘the verticai%distribution of ozone. ' This technique, known as the

Unkehr method, provified a stimulug for many regearch studies in the '1930's

jst 1nternat10na1 conference on §&na$bspheric ozone was held in

)-“-@‘
Paris. in 1929 This led to the formal’ 1nvolvement of international Ry
! " geientific orgdnlzatlons in 1930, en ‘& Sub-Commission’ on Ozone was- f%

established within the Internatlona Union of Geodesy and Geophysics of the

Internat10na1 Councilt of” Sc1ent1f1c Unlons After the 'war, a separate

,”oI ternatlonal Comm13s1on on Atmospherlc Ozone was organized. Its-main task
: the organlzatlon of an dﬂgae survéyufor Westérn Burope, while
same time a551sting in- the e!%abllshment of ozone statlons.in other

> -

”'arts of the world, as opportunlty* sended 1tse1f " . R

In the 1950‘5‘ chemical methods o3 ggﬁsurlng one were‘deveiope
.

maklng it po sible to ohtaln in situ value® from a1rcraft balloons

i ozonesondes) and rockets. 'An intensive monitorlng program was undertakeh) i
'& durlng the Internatlonal Geophys1cal Year in 1357 19583 coordlnated by the
Internat10na1 Ozgne Commlss1on and, in. partlcular ‘hy 1ts Secretary, Sir
Charles Normand. - Up to 1959 new ozone 1nstruments were adju ed
tested in Normand's laborat ry at Shotover, near 6xford EnngESg. Ag "Dobson \

"work at Shotover being on d r1vate bas1s,

R N



could not be permanent, nor did it lend itself to the expansion which could

R

be envisaged in. future years. . .
§‘At the beginning of the work an informal organizatlon was necessary, ji

but as more and more people became interested, a‘much more permanent orga-
nization became necessary." It was therefore quite natural that the WMO
should assume responsibility, publishing the results of the IGY ozone
program and establishing the World Ozone Network. In 1959, rmand resigned
as secretary of the International Ozone Commlssfon, and the work at Shotover
was - greatly reduced. '

The network had been sustained during the 1930—1960 perlod by a group
of sgientists whose enthusiasm was pervasive. At’ first ‘there had been

hope that better understand1 of the: stratospherlg ozone layer -held the key

"to betteq weather forecasts. However the main 1mpetus fog‘continuing”‘,wj

4

program ovegfthree dec%des was scientlfic curiosity: each ‘set of measure-
d new 1nformatlon, e.g., concerning the 1nterp

ments provide '_,betwﬁen the

rtheless

photochemistry and. the dynamr»g of the stratosphere. Tt 1s.w
surpr1s1ng that the network remalned active for such a 1ong t1me ‘without

ing systems

" much encouragementf ér 1nterferance, from governments Moni

rarely persist. unless they prove to be of pract1cal value (e.‘., in warning

of d1sasters3 or 1n red1ct1ng favorable” env1ronmenta1 -eondifione (e. g.> %$9~'~

those that optlmrze agrlcultural y1elds or aircraft fll “;plans). ) E
In the late 1950's, when the WMO accepted respon ibility for the net-

work same pwactlcal ressons for mon1tor1ng ozone had
v e

inally emerged:

.

n

a) There were growlngégzmbers of space appllcgtlons in.which a- ' o {”

knowledg of thk s ture of the middle and upper stratosphere

Wa&as requlred (e g., 1n(connectlon§FQQ£ Cket reentry calcula-,-
Tl g . ’

{ tions). T . N \ _ o ;
b) There was pub11c con%ern about nuclear bomb tegting, . ' ”fvzgﬂ

L]
Yion- was being sought aboht stratospher1c mo

. exchange rates between the Northern and Soyfhern Hemlspheres, as . &

) % . " ¢, Ys L
. a -
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_w'\*’ ©) Numerical models of the general atmospheric 01rculation weére being '; -

%
-t /(géveloped; and these required stratospheric inputs. There:- was a
growing belief that da.ta from the World" Ozone Network could con- - a

N

tribute to the’ developme . of more realistic models, and thus to “ ~'

improved weather forecasts, \xﬁi‘ e 7\ S L { TR
- .o - - N [ N .'_“.\v' R SR T
DeBcription of the World Ozon\'éjS Network ‘ , \ i 'v . .

The Canadian Atmospheric Environment Service pub ishes 'Lw for A fxt
the World" (issued annually for the years l960-l96h bimonthly thereafter) T
'I'he data are also. available at -#st on magnetic tape.
) The following 1nformat10n 1S included 1n the publication:

a) ‘total amounts Gf ozone on indicated days and hours at indicated
locations (based on measurements obtained mainly with the Dobson
instrumemt); § ' ‘ . ’

*’,.‘ b) obserVatlons\ f the Umkeh?_effect, a.ndmresulting estimates of the

@ N

et o ivertical digtributions of’ ozone (based on measurements obtained

' &y a
i with the-Dobson instrument) .
* -
¥ c) Yé!'tvical dlstrlbutgons of ozone ob¥ained from ozohesonde R
e \ .
. se' ions; .o " % R o

N

_ ﬁfm geasuremetfts ©of surfaog ozon .
', g m":.taten for | the Dobso{ﬁstrument (Dabson,

K

\'61) and 6.1 adahj(COOM, 1973) Meteorologists have ‘had long
| _ ‘ 100 years) in the de51gn and operation ofﬁfbservmg
. netuorks~, "and th% are well aware of the need for standardization of

| e*s, vlrglercallbragzs and qualit control of data.

"4 0S me details concevrnmfg Lhe n rk:_are. glven in Tabi} 1. The' bottom

row o the“ta'ble revealf that. the\mm )Z stations rose from 1.‘3 in 1960
to 103 1n l987 diminlshlng to ab ‘f:he last severa years. ;
The - geographic dlstributlon f stations 1s uneven.  The’ D?orthern_

oo

X 'obser:v:mg proced

Hemlsphere is ‘well representec’t but there are few‘obser'fations from -

and South Amerlca. ~ From the chBt of v/ew of a world network, this ;m—

\ ~balance is ampllfied by the much larger’:‘sf_‘raotlon }@%ﬂ&;cé&ns

1 , v

(g P
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‘.1t Beginning in 1970, the posgibility that the one layer might be

- séientific paper on the p0551blt;

‘ report 1n Nature!//In the gpinion of some sc1g%t19ts¢;ihb rate of transfer

o’ - -
' .

L7 ’r
in the Southern than in the Northern Hemiephere. Apa.rt from a f‘ew stations
at island locations, there is no network coverage of«oceanic regions.
The number ,of Umkehr stations is a small frac

on of the ‘number of

total ozone stations. , , v
_ Finally, the number of ozonesonde stations is small, with the excep-
_tion- of North America in. 48 §fgpars 1963, 1964 %1965 .

'&of ozone depletion wouﬁ‘*ﬂ - agincrease in the

_rk of UV instruments, anﬂ the Americans have recently installed sensors

at’17 locations. At the present time, the WM®pis considerinéytte design

fﬁgiyivintercalibration of a UV sensor that could be recommended fdr universal

se. . '
9

’

The Modern Challenge ' ' . ’ ~

A 4

¢ /"f
perturbed by emissions from superSOnic aircraft egan to be discussed as ¢

well as the consequences of such perturbations on world climate aﬁﬂ on the‘
UV radiation reaching the earth's surfaces (see, for example, SCEP,* 1970)
Tn 197k, halocarbons (from aérosol spray cans and.refrigerants) were ;

implicated-as a threat to czone depletibn. In 1975, nitrogen fertilizers

alsc came under scrutiny. <
These concerns attracted th attention of! the\\ews media, which were’ «k
' 5) . bave gescribed the rapid
" _ i'tion. The first’
of spray—can aerosols appearetﬂ iﬂ'« "‘
Nature on 28 June 1974 (Molina an-ﬁROWland 1974), followed by a. papen¢1n

Science on 27 Septéﬁber 1974 (Cicerone et al., l97h) and an art1cle in

quick to inform the\public

rate of transfer of new 1nfo

Time Magazinhe on T October 1974. Then on 25 October 1974, in an episode

5
filmed about a week earlier, the pvpular television comedy series 'All in

‘the Family" brought the, s01ent1f1c problem to a North American mass audience

in a surprisingly well-informed way, less ‘than 4 months after the first

-‘\‘,‘

- ~

<
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i "The scientific literature on ozone depletion has multiplied rapidly

o‘kacientﬂlic’informattbn to the general public in North America and western
Burope iB noh‘too fast, - ) ;~ ; .65’ -

' :‘

~)

sinee 1970. The main'emphas;a has been .on theadeveIOpment of- mathematical

42 a-tospheric photOChemistry, togeﬁther with’associated experiments

1 /: o ' .ﬁ B »

Agsltionally, investigators have been intérested'in determining- -whether
the World Ozone Network shows any indlcation of trends. Mankind's inpats of
halocarbons and N 0 have been increa31ng, so the possibility needs to be
checked that ozone depletion has already begun : Th1s is not an easy problem
to. SOlVe because of the great natural time 'and space varaability in
thtratospherlc ozone, coupled with the occurrence of t1me and _space correla-
*tions in ozone 'data sets. As discussed by Plttock (197h), the netwdtk

def1c1en€:1es in the Southern Hemlsphere, the tfoplcs ‘and the ocea.nic pa.rts

of the\North rn Hemisphere make it d}fficult if~ not’ 1mpossible to separbtex

re'glonal trends (due to longitudinal shi g 1n ‘th&pomtions of«"the long—
WaVe pressure throughs) from global ones Kulkd®hi (1976) agrees, conclud-'
ing that e changes in the general circulation in the lb?wer stratosphé&"ez\

during 1963-197hk gre sufficient to explain: the obg;,_" %3 ozone trends at!

four Australian mon1tom,né stations. In fact, P% (19 hu) ’e.s—t}maies that

if there were a sudden 2 percént depletion of stﬂ s heric ozone, an ad-

digional 10 yéars bf observatlons Aroild be requi, 53
be confirmed.with 95 percent confidience. See- also
H111 et al. (1977) 1§or recent dpscussions of thespro
ozone trends: . e S '

h?ﬁese remarks are po to be construed as criticism of the World OZone A
Network,f whlgm was not des - ed to determlne trends. rI'he .uneven spacing v
. of statlons, ‘with large gak: svver the oceans, is qu1te underwable, and

is a Z‘annon d)e‘f‘lc:.ency in almost all, 1nternatlona.l nltomng systems, -

ThlS is because each member ,staté"has the right _ c1de whether to , -

#
‘e stab11 sh mon\l tor1ng p ‘st
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Finallv, referenee should be made to a comment heard §§§§ timeﬁfo time p,?
thet the World Ozone Network is prac%ically obsolete. bécau &

£ advances 15
satellite technolégy. Total ozone was measufed on Nimbus h u81ng a back-'
scatter ultraviolet sensor, and addltlonal experiments are planned. How—
ever, - the World Ozone Network must . contlnue to ‘operate for the follow1ng
‘reasons: TN / _
a) the accuracy of satellite meeeurements‘is not sufficient for -
.studies of long-term. ‘trends in total ‘ozone, “8lthough 'the observa-
ions provide useful 1nformatlon an day-to-day and latitudinal/
1y ngltudinal Varlatlons, ’
b) even if the accuracy of satellite measurements were improved _

the World Ozone Network ‘would stfll be requlred for ground- . ’

.
*

. 17!;,

truth comparisons;’ : A I o ] e T
¢) because the lag time between. plannlng and- launchlng a sefzé’&te T '\\ P
is long (T years or more), ‘the system cannot respond qui to” L

newly’ perce1Ved needs.&spec1al geophy51cal experiments, for

example)

9
Response of WMO to the Challenge

"Ever singce 1957, the WMo ‘has contlnually uried member etates to”
participate in the World Ozone Monltorlng Program,%gnd hes supported the
activities of the ICSU Internatlonal Ozone Comm1551oﬂ For, example, a, R
kgr?nt from WMO permitted an 1nternat103£l eamparrggn of Dobson instruments )
to %ake place in Poland in l97h "J"" coo e ‘ ,1 : .%, . f
5'; " In September 1975, a WMO« hlng Group on Stratosfherlc andfMesospherlc
“Proplems met in Geneva to revlew the latest developments Eﬁd to reqpmme ’
further action. As a fellow-up,’ in Ad-Hoc Expert Meeting on Ozone waﬁih.:d

in Toronto, 12416 January 1976, whe ,& WMO proposal for ‘a Global Ozone"“é

Mopltorlng and Xesearch Project was drafted. *irhe propqagl.was subsequentl
approved by the WMO ftecutive Committee at its. 28th Session in the spring
of l976 {(WMO, 197]). The det%iled-recommendations“oall7for.an.eXpanded'
World Ozone Nefvork; @ R o

Y
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Cost-disbenefit Relatio'nﬂ

A connection with tl}u ézggr
-3

rela.tionshlps is worth exsmin

Depletlon of tHe ozone la}.rer;would’ .
cause an 1ntensificat10n Of eradiatlon at the surface of -the em'th and Lo :
could also cause climate cua‘nge. The resulting disbenefits woul\i amount to

" billions of dollers, The 1inkages are shown in the flaw diagram below, and

¥,

some relat1ve 1,J.ncerta1nti0au'ax B.r uggested _ R

L : uv - ‘Harm
Release of trace “{ Gradual increase : : :
substances into s depletion of (High l'}'(Moderat'e R
atmosphere . ouope layer, certainty) certainty) ’
f(Ffutu_re‘ release (Moderate . :
4 rates,uncertain) uncertainty) ] . .
. Climate®* |Net .-~ . -}~ /
- change disbenefits
' 'f,",m ' (Great = - (Moderate "
. v unc_e_rtainty) . un_certainty) S
! %, ¢ k .;:.;-v‘ - ] . .- . 4 . A .- N

In comparison w1th the very\lE?Ee d?sb@neflts that would accrue. from
ozﬁne depletlon the cost of‘ ope:&%tlng the World Ozone Net\!ork is tr1V1al

°

fefi. i the fundlng require& for z‘esearch programs were added,0 the sum would
a'still be a mlnute fractlon 0&6‘ the cost of the possible di&eneflt,s. Havmg
Sald thls, however, it should be added*that if the policy~ ’ma.‘kers wereu(to

(

" take 1y 1on (other than funding research) untll data from the ,momtor:ung

network hd demonstrated th&t ozone depletion had begun,_lt would a.lréady «
§ be too. ,atre to av01d dleQl’lefltS ' . . %ﬂ

' This is t to d‘enigra‘be the vadue of ozone monitoring programs, wh.g.gﬁ
are important .for the f‘ollomng reasons: }1 : L

a) if ozone depletlon becarne sufrfmlent fdr effects to become

: :.
}
'

c ot apparent monltoring would provide 1nfomat10n on the magriitude

4"”" of the depletlon, and would aid, for example, in deciding whether

:'there yere &’ serwus risk of skln cancer if the humap body were

not protected@om sunlz.ght : S . N 4 .
o y ' b
f..":‘? . - . Y
In \"\ " L i %
;,.»,.41 £ . ¢ :
; ‘ ‘. 8'5 - -"T.\ ) e ' N ’;‘ -
) "y . i A . P
. AT Ll




Yo - - &

. WY . , .

D) monitoring,-bertipuiarly of processes, aids in’the testing.of o
theofies of ozone depletion and of resultipng effects and in the
‘developmént of bet$er predictive models.

In terms of these two obﬁgctives, the cost of the network ‘is still a
trivial fraction of the resulting benefits that might accrue. In this con-
nection, however, an important pdint should be made. If the primar&
‘objective of the network is model- bu11d1ng rather than trend analysis, the
design criteria are different and, in several senses, more difficult to

—‘apply. For example, thgre-is need to mon1tor the chemical species that are
reactive in the stratosphere, as-well as the ozone concentrations themselves.
It is thus essential that the scient1f1c community (ICSU, Internatignal Ozone
Commission) continue to have a strong voiee in the future development of the
World Ozone Network, perhaps through a GARP-type 1nstitutiona1 structure.

-

The Future - .
Com°

UNEP held an inter-governmentai heeting of”experts 1-9 March 1977, "..;to'
review all aspe€cts_of the ozone layer, identify related ong01ng act1v1ties

and future plans and agree on a dlvision of labor and a coordlnatlng .
mechanlsm for inter alia ‘the compllation of research act1vit1es ‘and future'
plans énd the collection of related 1ndustr1al and céﬁﬁ!&cial informatlon,

and to report to the Governing Council at its £ifth session on thebreshlts '
of the meeting.'"” The future of the World Osone'Netﬁork was discussed at, that
meeting; and the WMO made a strong case for strengthenlng the network

(WMO 1977). These proposals were supporte 1n prlncaple»(UNEP 1977), as

indeed they should be for the reasons" glven above. : N

1 of -
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* MERCURY MONITORIN&; s j SWEDEN

e Torbjorn Westermark .

"f - Division of Chemistry, The Royal Institute.of Technology

- v - Arne Jernelov
; ) ‘ Swedish Water and Air Pollution Research Laboratory

st " Aif G.. Johnels
, S .Swedish Museum of Natural Hiptory

.‘.. r ) X ‘ . - ) ‘r o v |

The risks of mercury (Hg) are .largely attributable to

4alkyl—mercury because of the special properties of the

latter molecule. This 1§ equalﬁy true in the case of . -

o e " ecological rnsks to both terreséflal and aquatic systems, .
L . &g well as to human health The\story of these: findings
has been told in several 1nstanqes both soientific 1311

and ‘popular. 12 This paper will emphasize the 1essons

for mercury monitoring derived malnly from the SWedlsh

*  experience. The time covered is malnly 1963 €0 1970..

Statement of the Problem

»

In 1963 there were at least four maJor elements in the mercury bitua—
tion in Sweden:
a) the susp1c1on arrived at 1ndependently by professor Karl Borg and
. the late Erik Rosenberg,3 that the paraly51s and death of birds. and ,
-mammals were connected to mercury used as seed—dressing agent;

b) the book by Rachel Carson, Silent Spring, which stirred interest in

LY

. the ecological concentration of pesticides such as DDT;
¢) the 1aboratory work of’S. Tejning and R. Vesterberg on hens fed with
Hg-treated grains, resulting in high Hg-lewels 1n.eggs,u
d) some knobledge, although sparse, of the Minamata and Niigata
tragedies. Kurland's paper was the main source since the original
. Japanese publicatidns were not translated into Swedish until later.
. The. Ecology Committee of the Naturalr Science Research Council had taken
initiatives during 1963, partly as a result of Qarson's book. ~ The Edology

~
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Committee formed a Nature Resource Comm;ttee (NRC) which got some government P
) money to start withs 75,000 Sw. Crs. were devoted to DDT-analyses and the

. " 1
-same sum to total mercury in 196k, Lo :

M

h\///ﬂow Was ﬁﬁéﬁEYobl Defdned? . - * ) : é?‘ e . ,

, Inlbially, no “clear problem was recognlzed Scientists.merely wanted
) . to shed llght on the poss1ble spreadlpg of man—made pesticldes, 1nc1uding .
Hg seed dre551ng agents. A smaller group, cha1red by, Ir.' B. Lundholm, Was

\

named by. NRC. This group included two of the present authors, Alf G.

Johnels .and Toanorn Westermarkg.aﬁ‘well as professors-K Borg and

‘G, ﬁidmark Dr’ G Otterllnd also took part as representatiVe of the

ornithdloglsts in® Sweden, who were alarmed by the 1arge losses of terrestrlal ‘
v blrds df prey, and especlally seed-Laters like the yeilow and ortolan L7

buntlng 2 ) . N .
: Ty The group selected samples from several bird, spec1es .some Seed—eaters‘

e <4 )

,,,,,éhd some herb1vores (wood pigeon, hooded crov, yellow bunting, pheasant

'f}’ starllng, mallard, whfte wagtail, ‘black- headed gull,-pled fly—catcher)

‘ This ch01ce is in- hmnds1ght important from a mon1tor1ng ‘point of view.

Samples were sent to Westermark's laboratory for analy51s of both DDT and

total mercury. It was decided;to look: for mercury in breast muscle and

/
llVer cand som;trmes kidney and eggs. The samples‘were collected from‘all LY

parts of Bweden in a systemat1c manner. The field and preparatory work was ™
perfo ediby the Natural H1story Museumn. All sﬁeclmens were put in dbep—' !
freeze for ‘future use after samples wefe takem: - ° Lo .

Simultaneously, two other monitoring endeavours took place: -

a) birds and mammals found dead were analySed'by K. Borg and his
colleagues; pathologlcal and chemical investigations were p;rformed
and factors were sought' to shed light on the Qases,T' ]

' b) food bbught on the open market was analysed for mercury and’ later
\ DDT by Dr. Gunner Westoo at the Instltute of Public Health 8
\ . .

Ddd the Formulation of the Problem Evolve with Changjng?Circumstance?
) Yes, indeed se. Initially, the efforts were limited to: .

\ a)-analysis of total mercury, giving no information on chemical

. ’
N .
. ! v '
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compounds of Hg (except for some ihdicatioms glven by the Hg
quotients of levels in; say, liver as compared to breast muscle);
.h) mainly terrestrial biota, v ‘
¢) human food of certain typeg tmostl;r eggs and meat)
a) mainly terrestrial birds and mammals found. dead.

_The scope was eventually widened in several important ways. .The

_discovery of mercury-in fish in significant concentration9 came about

' because it was felt that the ecologigal program, though rewarding, was too

narrow. .Drs. Westermark and Johnels and Dr. B. Lundholm in April 1964 hap-
pened to discuss the possibility that Hg as a seed-dressing agent would
perhaps be transported by s01l water from- agrlcultural areas to fresh water
and*then be concentrated in fish. Johnels suggested analysis of mercury

in pike because that fish would 1ntegrate to some' extent both in time and
space, since it preys on other fish and grows most of its life. Furthermore,
pike is rather stationary. A lot of other biota, like earth-worms, rodents,
vegetables, birds of prey and (very usefully) feathers of birds, were also

included.lO The provisional permissible Hg concentration was at that time

' 50 ng/g. But'concentrations up to 6,000 ng/g were found in pike, showing

‘1mmed1ate1y a serious situation with figures approaching those found in
Japanese fish that had caused tragedles.5

- Soon the causal ‘relations were 1dent1f1ed. Preservation of wet pulp
with Hg-phenyl—acetate was shown to be the source.of very high mercury
con‘entrations in fish by analysing mercnry in pike upstream and down-
Stream from factor1es with danms- or other hindrances to fish migration.
Also, :the caust1c chlor1ne 1ndustry was found to Be a cause of elevated Hg
levels in.fish. _Later, many other sources were identlfled, 1ncluding the
c1ty of Sotckholm, the electrical and pyrite 1ndustr1es, paint manufacturers,
etc. The seed-dresslng mercury was hardly a significant source of merc&ry
in aquat1c biota. : -~ . ' _ cL "f\
The idea of analysing feathers from museum specimens was very rewarding.

Feathers dating back more than 140 years were analysed at the Swedish Museum

of Natmral History. Birds of prey especially showe@~convfn¢ingly}that

mercury levels in terrestrial birds were very elevated from 1940 to the time:
T o
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e wor&ed, and oquatlc birds” (osprey, sea eagle and crested‘grebe feeding on
'fish) had a more gradual rise startlng)perhaps 1900 1920 10 b
It occurred to Westermark in Aprll 1965 that Denmark did not have
losses or dead birds like Sweden.: The‘Danes used alkoﬁy-alkyl-Hg instead’

of methyl-Hg. 1 Later on (September 1945:J. C. Gage's paperl2erevealed that

, methyl (and ethyl) mercury did not decompose in mammals but alkoxy—alkyl ‘

(and phenyl) did. The latter compounds behave more or less as inorganlc

"ionic mercury, as shown: by toxiocologicsl studies12 and by analyj}cal

chemistry.9 .
- . P =
Int this manner, an understanding of the mercury problem on the)ter-v

restrlal side develpped before 1965 The announcement on November 30, 1965,

4by Dr G. Westoo that the main part of mercury in flsh was methyl-Hg came ™

as a shocklng surprise. 13 In the beglnnlng of 1967, Drs 5. Jensen and

Arne Je ilov showed that mlcroblal methylatlon was most probably the
‘Mercury as-metal, ion, and phenyl-acetate all end up as methyl-Hg

in. fLSh flesh and other organs. Dr. Westoo s extenglve analytical

'mOnltoring-ln fish showed that this was a quité general situation in fish

1
and shellfish from all sorts of water, 1nclud1ng the sea. 3

“

Obviously,; the orlﬁﬁnal mon1tor1ng program though yielding qulte clear
. results, was nearly completely supersbded by new and perhaps more ortant

findings. Especially it was clear in "1964-1965 that men feedlf on fish

might be in danger; extreme fish-eaters ("human Frebes ") might/ approach the
1
lethal levels observed in Japan.lﬁ‘

*r

Types of Monitoring and Variables Used to Obtain the Basic Data » ° ]

Total menéury was determined mainly by activation analysis on carefﬁlly
' . -
selected biota, mainly birds of different feeding characteristics (seed-

eaters, 1nsect—eaters carnivores, etc.). Sémples were taken in different

}reg1ons of Sweden and different types of landscape from various organL, such

as muscle, liver, egg and kidney (total organs, w1th no effort to go

N

?
mLcr0scop1cally )3 The monltor1ng also 1ncluded systematlc mercury

analyses of foodstuffs bought in the open market over the vhole country as

well as complete meals. Eggs, were the ma1n)%b3ect of interest in the\begfp—

8
ning; later the efforts were extended to meat, fish, shellf1sh 13 Zéad
oY .
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"birds and animdls were continuously analysed for total mercury by Profes-
sor K.’ Bofg of the State Veterinary Institute, L 3
The three branches hed rather good contacts with each other through

committees and numerous conferences. In_hindsight, the coordination‘was far
from fully effective and much competition among the "térritoties" occurred.
Gradually, not only mercury was determined{but also methyl-Hg. Even later
onj analyses of man himself were initiated 6 The Swedish efforts .wére wlde
ifdeed, including more than, ten sciences; I ) .

It ' -
I S . ‘
‘ €

Efficiency and Quallgy,of the Monitoring,Process : ’

The sampllng in nature was made with much skill. Keen‘ornithologists
and ‘museéun biologists were eggaged and were very active'in sampling and in
'other ways like ‘preparing censuses. ‘The preparation of samples vas made in.
an over-cautious way (Hg—free laboratories, testing of alr, water and tools)
Gradually, thege precautlons were found to be unnecessary We found that we

could’ deal readily w1th 'sa.mples of a few ppb (ng/g) of mercu;y without
contamination. o ' . v
) Actlvation analyses of total me;cury in biological szmples were well
worked out by Torbjorn Westermark and B. SJostrand.l; The amnalyses were .
later found to be very accurate vhen intercalibration work was done, both
~in Sweden and 1nternat10nally .With regard to quality of results, this
method has defended itself well against several.competitors,.including
atomic absorption methods. In the references, many‘intercalibration efforts
dre indicated.l’ ' »
~ From 1966 onwards, Dr. G. Westdo's procedure for analysing for methyl-
"Hg was establlshed 13 'Here too, intercalibrations were made by a special
worklng group and fairly good results were obtained. Much work was devoted
. to conflrm the 1dent1ty of methyl—Hg by 1ndependent methods like gas
chromatography, mass spectroscopy and concentratlng electrophoresis
?1nal y, in many samples the quot1ent methyl—Hg to %otal Hg was
.important_and;was obtained in addlglon to total Hg. . Other mercury forms.
like phenylng were . udied, but they did not'achieve a place’ in the

monitoring programs.

.93 1()4 .
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‘ 'Adequacy of the Organizatign,,Includiqg_Coordination Between Participating
Institutions \ _ . 3

Although the different efforts in* Sweden were not well: coordinated at
) thertime described the meetings and conferences as well as the, oral reports '
to tpe«government, and perhaps the invisible element’ of competitionf\m!he )
". the wﬁole effort quite satisfying. A strong organization- might have
_ Spdiled the necessary flexibility and freedom of the laboratories, - EVeL' f'
:atter 1966 se\,era'l further initiatives had to be'taken: insight into -
mineralogy and geology and their'connection to ecology, more detailed
' studies on 1owering of emissions from dozens of factories, much more in—
"formation. on toxicology for methyl-Hg in "frée'" form and protein-bound
= form, and more -human toxicology. 16 By 1970, only one major erld - alr
Y emission, transport and fallout - was hardly touched. . At the same time,
. few of the studies were deep in the sense of, say, ordinary biochemical

’

research.

-

¢ [

" R ~

Translatlng,the ‘Results iyito Policy

L The alarmlng mercury flndlngs were kept from the public for more than
a year. Frequent reports were sent to seéveral éuthorlties, until® the’
government named a commission in 1964 to take over admihistration of the
mercury research. Later on, ~after the commlssion s 1968 report, the Nature

, . Environment Protection Board was formed. .
’ Two of the present authors-met with members of the government.and the
directors-general for medical welfare, the institutes of food and health,

of fisheries, and several agricultural and veterinary institutes. The’
.experience of’making direct reports to policymakers in. this manner was new
to us as researchers. It was also strange to'have the Minister of .
-Kgriculture ask our views on the alternatives'for government action. One
could ban all freshwater fishing in Sweden, black~1list part of it (deter-
mined by & certa1n mercury level in flsh) or Just jissue recommendations “not
to eat .fish from’certaln waters (espec1ally not children and pregnant women)
As you know the black-listing route was followed. The limit was set at l ’

‘mg/kg of mercury. So the monitoring:results, especially the mercury level

S
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in pike, were ektremoly usefu] in Lhe adminintrntlon pr Ovduro Iater 05’,

when the same waters got cle&ner, the monitorlng results 'were used in

decisions to remove prohibitlons. .‘ xl T I
In the terrestrial field, the government decision was formally VPry

-

aimplnz Just rnplaco alky]~mnrvury with alkoxy<alkyl-mercury an saad—

]dgonnlng amvnt.‘ Alkoxy-n]kyl Hg works well as a geed-dregsing agonf, (uaing -

the same tbchniqhes as’ alkyl-Hg) and decomposes to inorganic mercgry,rapidly -

in Bird; and ma@mals. This sugéesblpn and a syﬁﬁﬁry of the ecqlogical .
. evidence were put forward on Nnvqmber 19,'1965.3? A decisPon in this
direction wnnﬂfnken by the Festicide and Poison Board 1n late autum 1965,
. The sﬁory told by mercury, in museum blrd feathers/cerp;inly plsyed a role.]o
Alréady, im the spginé of 1966, the young of some birds had much lower L

1 ) .
mercury levgls, After 'some. years the terrestrial situation got much
better, but mercury levels perhaps remain somewhat elevated as compared

with-those of 100 years a.go]'8 (see fiéure 2).‘ Also, eggs and meat
improved.19 In people esting great” amounts of ffgﬁ?‘a diet‘of ordinary
food caugsed the mercury Levols,(ﬁs Judged from Hg- analysis of b100& and
hair, to decay graduallyl6 (see also figure 3).

’ Another example of policymaking: .we’?qpnd very 'high mercury levels,
up to 6,000 ug/g in pike in éhe MS8rrumsén River in SOuthgrn,Sweden.g This .
wés discovered on June 20, 1965, One of the authors phoned Dr. H. Bouveng,
then at IVL who ih turn phoned to the manager of a pulp. factory on the ,
river where phenyI—Hg had been used and emitted for ten years. This factory

was the sole source. Befaore the afternoon of the same day, the emission ) p

was stopped forever. Figure 1 shows examples of the very satisfying decay
. 18 . ' - '
after that timel : ‘

" With Hindsight, Could the S&me Effectiveness Have Been Achleved With A
Reduction of the Monltorlng,and Asgessment Activ1ties’
i

Approx1mately 50,000 mercury analyses were performed in 196h 1971. 1

) In h1nd51ght, it is.striking that after perhapd a thouéand‘analyses, the,#
right- conclusions were already c¢clear. Various ipterestsAid the country,
however, wanted to have their own areas monitored, apd so a much larger °
mass of information had Eo-be gathered. 1In late 1967, a mercury analysis

, -~ 5 . ;
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mercury emissions %d/zhe wafesﬁ by a very large factor;g Moreover, the\ .

report wag publiqhed with a masg of .fdsh dnta from many partn of the ... '~

country. Thls report convinced 0voryono that we hnd; a mer(ury problem. . The

rpavtlon in newspapers; radio and Le]evlslon, already strong, increaqed ‘a -
.

grent deal. UJo we think the monitorjng propram renvhed about. tho right

magni tude, bﬂt aclentifie undpxwtandlny did noL-rvquiro go much. hvon,lo:

percent. of the effort might have been suffjelent from the sodentific polint b

. of view.

. o ) . %

-

T -

'linve the Results onitoring-Given Rise tg Political Tssues .and to What

Fxtent, ann Tho~n Been Affectaed or Rvuolvod by the Asseasment Process?

. M'r(ury wns an 1ssue 1ﬁ Swedon f'rom 196k to at.least 19T1. As scen -

nbove, important da01fjon" were: ‘ Co
. - . PN “ . : . a ¢
,q,u) the ban of a]ky1-mnrcury for seed-dressing parposes {(1965); g
b).the ban of phenyl-lly in pulp and paper treatment (about 1966 ) ;

-

¢) the establistment of o maxamug/pormlbolble lig concentration in

fish to be sold (one mg/kg fresh weigbt ) and "black-listing" of

\

waters by the authorities.

Together with this last decinion, a recommendation of lilited intake

was Issued. i . ) ‘

Further, 1grg£ rndﬁctions of the emission of mercugy;to.ﬁhe environment
from all sources 'was the goal of many adminfé}rative rules and decisions.
The, TVL Lnbéyatory and industry made important efforts in industrial - ‘
tﬁchnology and the purification processes.. This resulted in reduction of,
choice of industrial processes was affected. The goverhment's environmental
policy'encouraéea\:Ng§2E;;g¥§gzgl loans, for example - one new and one old

chlerine-alkali plant to abapdon the mercury procéss for the diafragma
. . , K

R .
method (aveiding asbestos.membranes). The mercury case, we think, was

important (along” Vlth DDT, PCP FOQ, etc.) in: forc1ng legislation a1m1ng at
a cleaner env1ronment " Rules not only for,em1581ons but also for product

control were es tabllshed With the projected 1ncrease in coal burning,

-

Sweden faces a ﬁercury problem again.

During many ‘years, the sales of fiéh 1nclud1ng ‘marine fish, went down
A

sharply. Lake fishermeh légﬁ their jogs.' The export from Sweden to Denmark

ﬁig



L]

S Y gone suspect food. such as pheasants,‘was affected, It vag feared that
Lt export of food would continne to be difficult, but ,fter some years norma’l
conditions ‘returned. . _ : \ . . «-‘ -
‘Countrles such as the U.S. an Canada sent government delegations to
Sweden to diacuss the mercuny problém Sigilar caées have occurred in Japan,
In&q, the U S'*and Canada. ?9

tuna‘have been. discussed internationally The high mercury level in tuna is

The export and import of some foodstuffs like -

' apparently naturei, and its effects are coqnteracted in human metabolism by
the high ‘selenium level..

4

- The case of‘mercury, and especially its ability to be transformed in
/ nature {o an orthic and potentially toxic’ compound " has analogies to other
otentially toxic metals.22 The description of these and the camcern “wbout

. A 1.
earcinoéenic action lle outside this paperi. A few references to such work .

Fl

are, however, included.f
- ' L
- Suumar ) ) _ - : - .
The mercury case'taﬁght us very much indeed. When a problem?comes up .
reqdiring monitorinefefforts, one should we think, organize the sampling in ™
- terms of ecologlcal principles, i.e., study organisms on various itrophic
: 1&vels (up fo animals of-prey and man) and of different characters (inssct
. . eater, herbivores, etb‘)', First, the‘problem or problem pattern has to be
resolved, and then more routine monitoring started Some part af the budget
should be flex1ble (also in the monitorlng phase) and the workers should
; feel free to discover new thlngs. In the mercury case, there were examples
“of 1rr1tat10n within the government, which was apparently not prepared to
face a situation like this, one. «In several respects the situation is now

, much 1mproved in handling 51mllar environmental problems. -
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Figure 1: Decay of mercury levels in pike (upper curve) and in Morrum River

(lower curve) since the end of emission (half-1ife ca 2.5 years).
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Figure 3:‘ Flimination of total mercury from hair, blood cells, and plasma
{ in five subjects exposed to methyl mercury through intake of R
contaminated fish after diletary change to low fish intake or to
mainly ocean fish, or to both. Steady states observed after the

decay curves have been subtracted. {(Courtesy of Archives of

Environmental Health, Vol. 25, August 1972.)
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